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ABSTWCT 
Cmplex terminal-area f l i g h t  maneuvers be ng considered f o r  a i r l i n e  
operations may not be acceptable t o  passengers To provide technology i n  t h i s  
area, a series of f l i g h t  experiments was conducted by the National Aeronautics 
and Space Administrdtion using the U.S. A i r  Force Total In-Fl ight  Simulator 
(TIFS) A i r c r a f t  t o  obtain passenger subjective responses t o  closely control led 
and repeatable f l i g h t  maneuvers. 
from 30 passenger subjects t o  a wide range o f  terminal-area maneuvers, 
including descents , turns, decelerations, and conhinations thereof. Analysis 
o f  the passenger ra t i ng  variance indicated that  the objective o f  a repeatable 
f l i g h t  passenger environment was achieved. Mul t ip le  l inear  regression models 
developed from the t e s t  data were used t o  define maneuver motion boundaries 
for speci f i e ?  degrees of passenger acceptand?. 
I n  8 t e s t  f l i g h t s ,  reactions were obtained 
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CHAPTER I 
INTRODUCTION 
The successful development and operati on o f  any passenger transportation 
system involves many factors; pr inc ipa l  among these i s  the system's accepta- 
b i l i t y  t o  i t s  passengers. It would be senseless, for example, t o  double the 
block speed o f  an a i r c r a f t  by compromising i t s  r i d e  comfort o r  apparent safety 
t o  the extent that  few people w i l l  be w i l l i n g  t o  r i de  the a i r c ra f t .  In-depth 
f i e l d  studies t o  define and rank the various factors influencing passenger 
acLeptance of transport a i rc ra f t  have been conducted w i th in  the l a s t  severa 
years ( re fs .  [l] and [2] ) .  Findings o f  these studies ind icate tha t  a i r  
travelers general l y  consider safety, re1 i ab i  1 i ty , time savings, convenfence 
and comfort lb.i  tha t  order) t o  be more important than t r i p  cost i n  determining 
overall sat is fact ion with a given vehicle. 
The development o f  passenger transport a i r c r a f t  has h i s t o r i c a l l y  included 
simultaneous improvements i n  a l l  f i v e  o f  the above key factors. However, as 
i n  a l l  design evolutions, a po int  o f  trade-off has been reached i n  the 
terminal area where a i r c r a f t  are operated a t  far-frowoptimum f l i g h t  conditions. 
For years, comnercia'l passenger a i r c r a f t  havt taken of f  and landed along 
straight,  shallow, and unaccelerating f l i g h t  paths, whiLh have, as a side 
benefit, ensured passenger comfort. Rapidly increasing fue l  prices are, 
however, demanding fuel conservation. To conserve fue l  and t o  reduce a i  r - t r a f f i c  
congestion i n  the terminal area, system planners are considering complex i t  'ght 
maneuvers, including curved approaches , decelerations , and turns near the ground. 
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I n  additdon, some proposed a i r c r a f t  noiseoreduction procedures involve steep 
landing approaches. F l i g h t  research t o  determine the f e a s i b i l i t y  (from the 
vehicle/system standpoint) of incorporating such unusual f l i g h t  maneuvers i n t o  
routine operations 1s part. of NASA's Terminal-Configured-Vehicle Program 
(ref. [3]). Such maneuvers, however, may not be acceptirL le  t o  passengers since 
cer ta in  combinations o f  l i nea r  and angular motions can be upsetting t o  the human 
vestibular system (ref. [4]). AS r i d e  comfort i s  a s ign i f icant  factor  i n  aeter- 
mining acceptance and use o f  a i r  transportation, a need ex is ts  f o r  technology 
which w i l l  al low predict ion o f  the degree o f  passenger comfort f o r  terminal- 
area f 1 i ght maneuvers. 
Ride-comfort research has been conducted both i n  the f i e ld ,  aboard 
commercial and research vehicles, and i n  the laboratory using motion simulators. 
F ie ld  test ing and iaboratory experiments have provided substantial capahi l i t y  
i n  predict ing passenger comfort i n  a v i b r a t i q  f l i g h t  environment (ref.  [SI). 
Several years ago, however, exploratory f l i g h t  experiments concerning maneuver 
ef fects on r i d e  qua l i t y  conclusively indicated that  c r i t e r i a  are needed which 
include more than j u s t  dert ical  and la te ra l  osc i l la tory  motions ( r e f .  [ 6 ] ) .  
Laboratory simrlators lack motion capabi l i ty  su f f i c i en t  t o  simulate 
ss ta ined  f l i g h t  maneuvers; whereas, f i e l d  tests aboard comnercial vehicles do 
not allow precise control and repet i t ion o f  a given maneuver. A ve:y l imi ted 
invest igat ion o f  passenger comfort during turning f l i g h t  maneuvers was conducted 
i n  1971, rising a two-place Navion a i r c r a f t  and two p i l o t s  as passenger subjects 
( re f .  171) .  
15 deg/sec f o r  simple turns and 20 deg/sec f o r  S-turtlS. 
applicable t o  f l i g h t .  maneuvers i n  general and based on responses of 'bPica1 
a i r  travelers does i i o t  exist .  
Unpublished resul ts o f  t h i s  study Suggest a maxilllun r o l l  r a t e  of 
hoV;ever, 'LecilnologY 
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To provide the technology fm which r ide-qual i ty predic t ive re la t ions 
and c r i t e r i a  can be established f o r  termtnal-area maneuvers, the present f l i g h t  
experi - experiments were conducted by the NASA as part o f  a broader r ide-qual i ty  
nents program using the U. S. A i r  Force Total In-F l ight  S i m l a t o r  (TIFS) 
aircpaft  (fSg. I). For t n j s  experiments program the TIFS variable-stab; i t y  
f l i g h t  control system was w d i f i e d  t o  accept a i r c r a f t  motion-command signals 
from a magnetic tape. The TIFS thus modified, was used t o  expose passenger 
tes t  subjects t o  closely control led and repeatable f l i g h t  maneuvers. This 
thesis describes the experimnts, the analysis applied t o  the data t o  produce 
various ride-cunfort models, and the mneuver-mtion boundaries obtained 
uhen the models were exercised f o r  various degrees o f  passenger acceptance. 
It i s  anticipated tha t  resul ts  presented herein w i l l  be most useful i n  the 
design o f  new, more conplex approach and departure f l i g h t  paths, as well as 
o f  a t r c r a f t  having such f l i g h t  path capabil i ty. 
CHAPTER I1 
TEST VEHICLE 
Basic TIFS A i r c ra f t  
The TIFS i s  a C131-H transport (s imi lar  t o  il Convair-580 comercia1 
transport) modified i n t o  a var iab le-s tab i l i  ty research a i r c r a f t  ( ref .  181). 
Principal  uses for the TIFS include handling-quality evaluation and p i l o t  
t ra in ing  for advanced configurations p r i o r  t o  actual vehicle production. The 
TIFS, f o r  example, has been used t o  simulate the NASA space shuttle, the 
USAF B-1 banber (ref .  [g]),and a Concorde-type supersonic transport ( ref .  [io]). 
Figure 2(a) i l l u s t r a t e s  the d i s t i nc t i ve  features o f  the basic TIFS a i r c ra f t .  
A simulation cockpit, mounted on the nose o f  the C-131, i s  designed t o  place 
evaluation p i l o t s  (who are the a i r c r a f t  motion comand sources) i n  a cockpit 
envi!.onn#nt configured t o  c losely duplicate that  o f  the cockpit o f  the a i r c r a f t  
being sinulated. The f l i g h t  motion character ist ics o f  the a i r c r a f t  being 
simulated are also matched through use o f  special var iable s t a b i l i t y  features 
of the a i r c r a f t  which include special motion control surfdces and an analog 
computer. Safety p i lo ts ,  located i n  the or ig ina l  Convair cockpit, monitor the 
simulation i n  progress and have the capabi l i ty  o f  disengaging the variable- 
s t a b i l i t y  system and resuming control o f  the a i r c r a f t  a t  any time. 
The special motion control surfaces provide independent control o f  the 
forces along and moments about a l l  three motion axes. Included are aerodynamic 
surfaces mounted ve r t i ca l l y  above and below each wing t o  provide side-force 
var ia t ion wi th  very l i t t l e  r o l l i n g  or yawing moment, aileron-type f laps 
4 
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inmediately outboard o f  the engines t o  provide d i r e c t  lift control, and servo- 
operated th ro t t l es  t o  provide longi tudinal  force var iat ion.  High-performance 
electrohydraulic actuators dr ive the ex is t ing ailerons, elevator, and rudder 
t o  produce ro l l ing ,  pitching, and yawing manents, respectively. Inputs t o  the 
analog camputer come from the evaluation p i l o t ' s  controls and airplane motion 
sensors. To simulate the f l i g h t  character ist ics o f  another a i r c ra f t ,  the 
analog computer c i r c u i t r y  i s  used t o  a l t e r  the s t a b i l i t y  and control charac- 
t e r i s t i c s  o f  the TIFS. With appropriate adjustments, the new s t a b i l i t y  and 
control  character ist ics experienced by the evaluation p i l o t s  can match those 
o f  the par t i cu la r  a i r c r a f t  being s imlated.  A d i g i t a l  recording sys tm 
capable o f  recording 58 indiv idual  variables, such as airplane motions and 
p i l o t  control  inputs, logs the t e s t  resu l ts  f o r  engineering evaluation o f  the 
simulation. Further de ta i l s  Qf the basic TIFS a i r c ra f t  can be found i n  
reference [ 63. 
Airframe and Cabin I n t e r i o r  Modifications 
Figure ?[b) i l l u s t r a t e s  the TIFS modifications made f o r  r ide-qual i ty  
test ing.  The standard TIFS simulation cockpit was replaced wi th  a nose f a i r i n g  
t o  reduce weight. Aft-mounted ba l las t  was also removed t o  accanoddte the 
addi t ional  weight required f o r  cabin i n t e r i o r  refurbishment, magnetic tape 
recorder, increased number o f  passengers, and increased fue l  loading ( t o  
minimize ground delay time between f l i gh ts ) .  
The a i r c r a f t  forward cabin section between the cockpit and computer 
( f i g .  3(a)) was o u t f i t t e d  w i th  wood paneling, curtains, and a carpet t o  create 
an a i r l ine- type environment. Five pai rs  o f  standard Convair seats ( f i g .  3(b)) 
were provided for the 10 t e s t  subjects. Each passenger seat was provided wi th  
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a reading l i gh t ,  an adjustable ou t l e t  o f  conditioned a i r ,  a seat pocket witn 
airsickness bag, and an emergency evacuation inst ruct ion card. A restroan, 
equipped with a marine-type t o i l e t ,  was provided adjacent t o  the tes t  subject 
area. The TIFS hydraulic console area was soundproofed and trimned w i tn  wood 
paneling to  muff le the sound o f  the cont' ously-operating hydraulic boost pumps. 
A l l  but one pa i r  o f  t es t  subject seats were adjacent t o  a window. For the 
f l i g h t - t e s t  d i rector,  an additional double seat was provided imnediately behind 
the t e s t  subjects, together wi th voice cmunicacions t o  the p i l o t s  and t e s t  
engineer and a publ ic address system f o r  inst ruct ing the passenger subjects 
during f l i g h t .  A closed-circuit  te lev is ion camera was mounted ahead o f  the 
seating area but behind a panel t o  record a c t i v i t y  o f  a few of *he tes t  subjects. 
The video image was both recorded and viewed on a monitor located a t  the 
f l i g h t - t e s t  d i rector 's  seat. 
Variable S t a b i l i t y  System Modifications 
General block diagram i l l u s t r a t i n g  changes made I n  the TIFS Variable- 
S t a b i l i t y  System (VSS) are shown i n  f igure 4. For the basic TIFS system 
(upper-block diagram), p i  l o t  control inputs are e lect ron ica l ly  converted by a 
computer model o f  the simulated vehicle i n t o  appropriate vehicle motion 
response signals. These signals are then combined by a feed-forward system i n  
the computer t o  generate comnands t o  the TIFS f l i g h t  control surfaces necessary 
t 3  produce the appropriate a i r c r a f t  motions. Feedback locps correct errors in 
the resul t ing a i r c r a f t  motfdns. For the r ide-qual i ty experiments (lower-block 
diagram), the pi lot-control  inputs were replaced by magnetic tape comnand 
signals. These comnand signals were then combined, with appr-priate f i l t e r i n g  
and shaping, t o  generate comnands t o  the T I F S  f l i g h t  control surfaces necessary 
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t o  produce the desired a i r c r a f t  motions. The response feedback system was 
retained. ::le general scheme i l l u s t r a t e d  by t h i s  block diagram was followed 
for each cf the motion comnand signals: angle o f  attack, angle o f  s idesl ip,  
p i t ch  angle, r o l l  angle, yaw rate, and t rue airspeed. 
To i? lws t ra te  the system approach as wel l  as techniques used t o  cope wi th  
various pi-o'llems encountered, the detai led block diagram design f o r  the r o l l  
angle coma d i s  presented i n  f igure  5. The blocks i n  bold ou t l ine  ident i f y  
a d d G m s  mde t o  the system. The motion conmand signals were i n i t i a l l y  
modif id by a low-pass f i l t e r  t o  eliminate signal content above 4 Hz which were 
found t o  exc i te  airplane s t ructura l  modes and produce undesirable motion a t  the 
passenger "location. Spurious high-amplitude spikes i n  the motion comnand 
signals, produced by the FM playback uni t ,  caused automatic VSS d i s i q a g m n t .  
This pr0r:lem was corrected by reducing the f i rs t -o rder  low-pass f i l t e r  corner 
frequencj t o  1 Hz, and by adding a fourth-order low-pass f i l t e r  having a 5 Hz 
corner frequsncy. To .emove signal transients during recorder s t a r t  and stop 
operations, a var iable attenuator was added t o  l i nea r l y  increase the motion 
comnand signals from f u l l  attenuation t o  f u l l  strength over a 10-second in te rva l  
a f te r  the recorder was started. The same c i r c u i t  also diminished the signals 
back t o  f u l l  at%enuatio, in  the l a s t  10 seconds before the recorder was stopped. 
A s idest ick con t rc7? t r  (which control led p i t c h  as ne11 as r o l l )  gave the 
cop i lo t  the ca rhb i l i t y  of providlng a i leron t r i m  and o f  maneuvering the a i r c r a f t  
wi th  the VS system engaged t o  avoid cloud formations containing turbulence and 
t o  ma!:rtdin a l t i t ude  and irir t r a f f i c  clearance. 
An in tegra l  fe,Jture o f  the TIFS var iab le-s tab i l i ty  system i s  a provision 
t o  monitor spcx i f ic  signal channels and t o  automatically disengage the VSS i f  
any on5 kt  the monitored channels exceeds a predetermined safe level .  
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The p i l o t s  could also disengage the VSS a t  any time using e i the r  a control- 
wheel-mounted switch o r  a center console switch. 
Motion Control System Performance 
I n  general, the TIFS proved t o  be an excel lent vehicle f o r  providing 
prescribed, c losely controlled, and repeatable t e s t  motions. As i i lust ra t ion,  
f igure 6 presents time h i s to r i es  o f  four appropriate motion parameters 
measured during a par t icu lar  maneuver flown on two d i f f e ren t  f l i g h t s .  The 
maneuver shown i s  a turning deceleration wi th  pitchover, which was probably 
the most complex and extreme maneuver tested, and therefore, was one o f  the 
most d i f f i c u l t  t o  repeat. Differences i n  parameter values are r e l a t i v e l y  
minor between f l i g h t s  and are essent ia l ly  constant over the time duration o f  
the maneuver f o r  the three parameters ( r o l l  angle, p i t ch  angle, and indicated 
airspeed) which were spec i f i ca l l y  control led by the motion comnand tape. 
Differences could be expected t o  remain nearly constant during a comnanded 
maneuver because each o f  the three parameters was recorded on the dr ive tape 
i n  terms o f  parameter deviat ion from a reference f l i g h t  condition. The s l i g h t  
s h i f t s  i n  parameters between tne two f l i g h t s  are associated with minor changes 
i n  reference f l i g h t  conditions by the cop i l o t  t o  avoid weather, t o  stay w i th in  
a cer ta in  t e s t  area, o r  t o  increase/decrease t e s t  a l t i tude.  The pos i t ive 
s h i f t  i n  p i t c h  angle (from f l i g h t  A t o  f l i g h t  6)  i s  accompanied by a pos i t ive 
s h i f t  i n  airspeed because o f  a simultaneous pos i t ive s h i f t  i n  f l i g h t  path 
angle. 
CHAPTER 111 
FLIGHT TESTS 
F1 i g h t  Maneuvers 
Maneuvers investigated i nd i v idua l l y  consisted o f  one o f  three basic 
components (steady descent, simple turn, o r  longitudinal deceleration) o f  
typ ica l  terminal-area f l i g h t  maneuvers. A few canbinations o f  two o r  three o f  
these conponents were used t o  study subjective responses t o  more complex 
maneuvers ( f o r  example, a turning deceleration wi th  pitchover, etc.). The 
ranges o f  maneuver motion parameters ( f o r  example, f l ight -path angle, r o l l  
angle, etc.) were chosen to: 
(2) somewhat exceed the motion parameter ranges normally encountered during 
terminal -area maneuvers o f  present carmercial passenger a i r c r a f t .  
(1) f a l l  w i th in  the TIFS maneuver envelope and 
The maneuver t e s t  dr ive tapes were generated by f l y i n g  the TIFS through 
the sequence o f  maneuvers. No two maneuvers o f  the same type were presented 
sequentially. Several preliminary check-fl ights were devoted t o  determining 
the a i r c r a f t  configuration and p i l o t i n g  sequence necessary f o r  the various 
maneuvers and t o  pract ice execution o f  the maneuver sequence i n  a continous 
and timely manner. This was found t o  be possible i f  the maneuvers were spaced 
no less than 90 seconds apart. The ent i re  48-maneuver sequence required a 
minimum o f  72 minutes o f  f l i g h t  t ime. Concern tha t  the resul ts  of a s ingle 
t e s t  o f  t h i s  duration might be compromised by subject fat igue led t o  d i v i s ion  
o f  the t e s t  sequence i n t o  two equal t e s t  tapes, each having 24 segments and 
approximately 36 minutes i n  duration. I n  a few instances, f l i g h t  envelope 
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res t r i c t i ons  and inaccuracy o f  maneuver execution during tne dr ive tape prepara- 
t i o n  caused s l i g h t  unintended motions i n  par t icu lar  maneuvers; however, i n  
wneral,  t h i s  technique f o r  generating a maneuver comnand tape was qu i te  
successfu:. 
A descript ive and parametric sut,mary o f  the maneuvers as recorded on the 
two comnand tapes i s  $resented i n  tab le 1. O f  the 10 motion parameters l is ted,  
mly maximum p i t c h  angle, maximum r o l l  angle, and indicated airspeed were 
d i r e c t l y  specif ied by indiv idual  signals on the maneu*;er comnand tapes. The 
remaining seven parameters were f ree t o  vary from f l i g h t  t o  f l i g h t .  Witn the 
exceptio:: of pressure a l t i t u d e  (whose i n i t i a l  value variod from f l i g h t  t o  f l i g h t )  
repe t i t i on  between f l i g h t s  ot  parameter valyes f o r  a g i w a  maneuver was 
excellent. 
motions due t o  atmospheric: turbulence. 
Very few o f  the actual t e s t  maneuvers were contaminated by undesired 
Passenger Subjects 
Th i r t y  passenger subjects were chosen from among NASA 
employees, universi ty students, and the general public, t o  include a range o f  
age and previous f l i g h t  experience and t o  represent a i r  travelers i r l  general. 
,ach candidate subject submitted a completed health questionnaire (app. A, 
quest:onnaire I )  t o  the Langley Medical Of f icer  f o r  approval o f  h i s  part ic ipa- 
t i o n  I n  the f l i g h t  experiments. Passenger subjects thus approved completed a 
bac?qround survey questionnaire (app. A, questionnaire 11) which was used t o  
determine demographic characterist ics and a t t i  tudes concerning f l y i n g  
( table I I ( a ) ) .  Comparisons of  the subjects' characterist ics wi th those of 
general a i r  travelers (refs.  [ l ]  and [ l l ] )  are shown i n  table I I ( b )  and 
figure 7. The data i n  tab le I 1  indicate that  i n  the prtsent study the a i r  
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t rave ler  was well  represented, with the possible exception tha t  the t e s t  
subjects f l y  more f o r  nonbusiness reasons and enjoy f l y i n g  more. Figure 7(a) 
presents the importance o f  various factors determining overal l  t r i p  satisfact ion. 
Both general a i r  t ravelers and the maneuvers experiments subjects rank comfort 
equal t o  o r  greater than cost i n  importance. The r e l a t i v e l y  greater impor- 
tance t o  the maneuvers subjects o f  cost i s  prabably because a greater port ion 
o f  t h e i r  f l i g h t s  are made for nonbusiness purposes and therefore a t  personal 
expense. Figure 7(b) indicates the importance o f  various factors determining 
passenger comfort; f o r  the s i x  most important factors, good agreement ex is ts  
between the maneuvers subjects and general a i r  travelers. Agreement was not 
good f o r  the three lowest ranking factors: presence o f  smoke, l i+t ing,  and 
workspace. Estimates of the importance t o  comfort o f  these three factors con- 
t r a s t  wi th  estimates of  the r e l a t i v e  importance o f  i n - f l i g h t  passenger 
a c t i v i t i e s  ( f i g .  7(c)): The maneuver t e s t  subjects appear more sensit ive t o  
the presence o f  smoke, y e t  rank smoking greater i n  importance as an ac t i v i t y .  
They also indicate a greater importance o f  l i g h t i n g  and workspace, yet  indicate 
an activity-preference f o r  thinking, viewing , talking, and daydreaming rather 
than reading, eating, or' wri t ing.  This discrepancy lnqy be due i n  par t  t o  
differences i n  passenger interpretat ion o f  the t e n  "workspace" (perhaps 
including equating w i th  roominess i n  general). The subjects' stated preference 
f o r  viewing i s  i n  agreement wi th  l a t e r  f indings concerning passenger subject 
a c t i v i t i e s  during t e s t  f l i g h t s  and may have influenced t h e i r  r i d e  comfort 
dssessments by providing increased visual motion cues. I n  sumnary, table I 1  
and f igure 7 indicate tha t  wi th regard t o  demography, f l i g h t  experience and 
at t i tudes toward f ly ing,  the 30 TIFS maneuver t e s t  subjects were reasonably 
representative o f  a i r  travelers i n  general. 
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Test Procedure 
Approximately 1 hour p r i o r  t o  a given tes t  f l i g h t ,  10 o f  the t e s t  subjects 
were assembled and br ie fed on the purposes o f  the TIFS Ride-Quality Program i n  
general and of the upcaning f l i g h t  i n  part icular.  The subjects were informed 
o f  the types and magnitudes o f  motion t o  be experienced and o f  the a b i l i t y  o f  
any subject a t  any time t o  tenninate the input not ion by a simple hand signal 
(such termination, i n  fact, occurred j u s t  once). Af ter  a l l  questions were 
answered, each subject signed the manifest, and boarded the a i r c ra f t .  
Once a l l  passenger subjects were aboard and seated wi th  seat be l ts  secured, 
the TIFS a i r c r a f t  took o f f  and during about 15 minutes climbed t o  the appropriate 
tes t  area, al t i tude, and heading. The a i r c r a f t  was then trimned i n  s t ra igh t  
and level  f l i g h t  and the v a r i a b l e s t a b i l i t y  system engaged. The motion-carmand 
tape recorder was started and the motion camnand signals were brought t o  f u l l  
strength. For the next 30 t o  40 minutes, the a i r c r a f t  was p i lo ted by the tape 
recorder, w i t h  the exception o f  occasional p i t ch  and r o l l  t r i m  changes by the 
cop i lo t  t o  keep the a i r c r a f t  wi th in  safe tes t  airspact. As the various tes t  
maneuvers were experieiiced i n  the a i rcraf t ,  the beginning and end o f  each 
evaluation in terva l  ( t yp i ca l l y  30 sec) were announced over the a i r c ra f t ' s  publ ic 
address system by the t e s t  direct ion. A t  the end o f  each evaluation in terva l ,  
each passenger subject recorded on a r a t  
h i s  estimate of his  own t o t a l  comfort on 
undefined descri ptors ranging from "Very 
(see table 111). I n  addition, each sub3 
ng sheet (app. A, questionnaire 111) 
a 7-point ra t ing  scale employing 
Comfortable" t o  "Very Uncanfortabl e" 
c t  was asked t o  report i n  a "Camnents" 
column any aspect o f  the passenger environmerlt which he considered dominant i n  
h is  assessment o f  personal comfort. Upon completion o f  the en t i re  se t  of 
motion t e s t  segments, the motion camnand signals were atter.rated, the tape 
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recorder was stopped, the var iab le-s tab i l i ty  system disengaged, and the a i r c r a f t  
returned t o  the Langley Research Center and landed. During the return t r i p ,  
the passenger subjects completed sumnary questionnaires (app. A, questionnaire 
I V )  s ta t ing t h e i r  assessments o f  the overal l  comfort (using the 7-point scale) 
o f  the tes t  r i d e  and o f  specific aspects o f  r i d e  comfort ( f o r  example, motion, 
noise, seat comfort, etc.). Upon landing, the passengers deplaned and, a f t e r  
a short debriefing, were dismissed. 
CHAPTER I V  
FLIGHT TEST RESULTS 
The 2 motion comnand tapes contained a t o t a l  o f  48 unique f l i g h t  
maneuvers (24 on each tape). 
o f  3 maneuver t e s t  periods. Each o f  the 48 unique f l i g h t  maneuvers was 
therefore repeated 4 times. Each o f  the r e s u l t i n g  192 t e s t  maneuvers was 
evaluated by 10 passenger-subjects. A grand t o t a l  of 1920 ind iv idua l  r i de -  
comfort ra t ings  were thus obtained. 
Each comnand tape was tested 4 times f o r  a t o t a l  
A i r c r a f t  Maneuver Motion Data 
A t o t a l  o f  58 a i r c r a f t  motion, aerodynamic, and f l i g h t  con t ro l  var iables 
were measured and d i g i t a l l y  recorded ( a t  50 samples o f  each var iab le per 
second) continuously throughout each of the 8 maneuver t e s t  periods. 
example, the aerodynamic var iables included such q u a l i t i e s  as the a i r c r a f t  
angle-of-attack and sides1 i p  angle. 
recorded are the a i leron,  elevator,  f lap  and rudder def lect ions,  and engine 
t h r o t t l e  pos i t ion.  O f  the a i r c r a f t  motion var iab les recorded, the 13 var iab les 
' l i s t e d  i n  tab le  V were selected f o r  subsequent data reduct ion and analysis. 
For 
Examples o f  the f l i g h t  cont ro l  var iables 
As pre' i ous l y  mentioned, the reason for using pre-recorded magnetic tape 
signals t o  comnand the a i r c r a f t  f l i g h t  motions was the requirement tha t  the 
same f l i g h t  maneuvers be evaluated by more than one subject group dur ing d i f -  
fe ren t  f l i g h t s .  Comparison of time h i s to r i es  of the 13 a i r c r a f t  motion 
var iables dur ing f l i g h t - t o - f l  i g h t  r e p e t i t i o n  of any spec i f i c  t e s t  maneuver 
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ind icates t h a t  t h i s  requirement was met. During the 8 t e s t  f l i g h t s ,  the 
maneuver-motion-variable values presented i n  tab le  I were achieved t o  w i t h i n  
10 percent. The s ing le  exception t o  t h i s  was pressure a l t i t ude ,  which var ied 
considerably because o f  d e l i  berate reduct icn o f  i n i t i a l  ( s t a r t  o f  maneuver 
tape) a l t i t u d e  as the f l i g h t  program progressed and because o f  c o p i l o t  con t ro i  
inputs  between t e s t  maneuvers. Only dur ing two t e s t  maneuvers d i d  the air- 
c r a f t  encounter not iceable atmospheric turbulence. 
A minor malfunct ion of the data recorder caused d i s t o r t i o n  o f  low- 
amplitude o s c i l l a t o r y  motion tape signal  content throughout 4 o f  the 8 maneuver 
t e s t  periods. This d i s t o r t i o n  had neg l i g ib le  e f f e c t  on the present analysis 
but  precluded spectral  analysis o f  the motion data. 
Passenger Subjective Response Data 
To i l l u s t r a t e  the range of ride-comfort ra t ings  obtained, the 240 ra t ings  
from the f i r s t  t e s t  f l i g h t  are presented i n  tab le  I V .  The mean o f  ten subject  
ra t ings  f o r  a given maneuver ranged from 1.10 (very comfortable) t o  5.60 
(between somewhat uncmfor tab le  and uncomfortable), whi le  the mean o f  the 
24 ra t ings  given by a s ing le  subject  dur ing any s ing le f l i g h t  ranged from 
1.50 (between very comfortable and comfortable) t o  5.13 (somewhat uncomfortable). 
Rating standard deviat ions were approximately equivalent i n  both cases (ranging 
from 0.30 t o  1.91 and from 0.50 t o  1.90, respect ively) ,  suggesting tha t  var ia-  
t i o n  among subject responses t o  a given maneuver or maneuver sequence was as 
i g n i f i c a n t  as va r ia t i on  i n  responses among maneuvers. A comparison of the 
mean o f  a given subject 's  responses t o  the 24 maneuvers i n  a s ing le f l i g h t  w i th  
h i s  overa l l  comfort assessment o f  t ha t  f l i g h t  (from the pos t - f l i gh t  question- 
na i re)  i s  shown i n  f i gu re  8. Those subjects whose mean ra t ings  for the 
24 maneuvers were on the comfortable side of neutra l  appear t o  have e i t h e r  
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forgotten o r  forgiven par t  o f  t h e i r  experience i n  making an overal l  comfort 
assessment. Conversely, those subjects whose mean rat ings f o r  the 24 man'. !ers 
:rere on the discomfort side o f  neutral tend-d t o  give worse overal'! comfort 
ratings. 
scale extremes ..very comfortable and very uncomfortable) a1 together and tended 
t o  avoid the midpoint (neutral) .  Most subjects found Lhe f i i g h t s  t o  be s l i g h t l y  
on the comfortable side n f  neutral (mean ra t i ng  = 3.60). The standard deviation 
o f  a l l  the comfort rat ings (1.513) i s  much larger than that  o f  rat ings obtained 
while using a s i m i i w  comfort scale i n  v ibratcry  motion experiments (For exar,, les 
see re f .  [13]). 
I n  making overal l  comfort assessments, subjects avoided both ra t i ng  
Responses t o  the pos t - f l igh t  questionnaire indicated tha t  6 o f  the 
30 passenger subjects used airsickness medication i n  the past, although ncne 
used i t  during these f l i g h t  experiinents. 
some symptoms o f  motion sickness during the maneuver experiments. The pre- 
dominant ac2 iv i t ies  during f l i g h t  were thinking, looking out the windows and 
ta lk ing  ( i n  that  order). Most subjects said the seats were comfortable. By 
f a r  the motion found most uncomfortable was the sudden descent (pitchover 
fol lowing a longi tudinal  deceleration). The non-motion factors fcund most 
uncomfortable were the noise leve l  
( i n  that  ,trder). 
Seven subjects reportad experiencing 
cabin pressure changes, and temperature 
A l l  other non-motion factors were rated as comfortablt. 
The relat ionship between passengers' overal l  comfort assessments and 
t h e i r  sa1 sfact ion w i th  the r i de  i s  shown i n  f igure  9. Here a "sat is f ied"  
ps-senger i s  one who a t  the end o f  the r ide  expresses wil l ingness t o  take 
another r i d e  wi th  no doubt o r  hesitation. 
ments are compered with data from commercial a i r l i n e  f l i gh ts  ( re f .  [;I). 
BecP*ise o f  the general agreement between the 2 sets of data and because the 
Data from the T I F S  maneuver experi- 
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cosmercial f l i g h t  data i s  based on a substant ia l ly  larger sample, i n  subsequent 
discussion the coanercial f l i g h t  re lat ionship i s  used. 
Analysis o f  variance applied t o  the passenger response data (detai led i n  
appendix B) confirmed that the objective o f  presenting a repeatable f l i g h t  
environmnt t o  passenger-subjects 3n d i f f e ren t  f l i g h t s  was achieved. The par- 
t i c u l a r  maneuver being tested and the passenger seat locat ion were found t o  
s ign i f i can t l y  a f fec t  tt subjective ra t i ng  given, while the var iat ion i n  rat ings 
given between repet i t ions o f  a given maneuver sequence were insigni f icant.  Seat 
location ef fects  can be largely explained by three seats which were non-reclining 
and i n  a noiser locat ion than the other seven. 
fects ex i s t  which were not found t o  be explainable by k n a n  passenger-subject 
characteristics. 
Signi f icant nu l t ip le- factor  e f -  
W T E R  V 
WLTIPLE LIWEAR REGRESSION ANALYSES 
To determine the relat ionship(s) between passenger comfort ra t ings and 
masures o f  the a i r c r a f t  motion, the experimental data obtainea were analyzed 
by taul t lp le limr regression. It should be erphasired that  regression analysis 
i s  s i r p l y  data- f i t t ing (that is, deteiwining an empirical equation which 
characterizes the observed re la t ionship between a dependent variable (the 
passenger cmfor t  ra t ing)  and one o f  m r e  independent variables (the measured 
a i rc ra f t  not ion variables)). The basis for determining the most appropriate 
equation i s  minimization of the mean square error, where er ro r  i s  the a r i t h -  
metic dif ference between a given comfort ra t i ng  and the corresponding ra t ing  
predicted by the equation. Thus, the r e s d t i n g  equation i s  empirical and not 
based on fundamental cause-effect relat ionships characterizing h m n  response 
t o  motion. This po int  i s  too frequently overlooked by those unfamil iar w i th  
reqression analysis. Linear regression analysis was performed because o f  i t s  
re la t i ve  s imp l ic i t y  o f  interpretat ion, both i n  the analysis i t s e l f  and in. 
pract ica l  appl icat ion o f  the analysis results. 
Linear regression analysis was perfotmed i n  two ways. F i rs t ,  a l l  o f  the 
data were analyzed as a whole t o  develop a comfort model (predict ive equation) 
based on maneuvering notions i n  general. The data were then subdivfded i n t o  
indiv idual  maneuver types (turns, descents, decelerations, S-turns, and 
turning decelerations) and a model developed f o r  each maneuver type. The 
predict ive accuracy o f  the general model and o f  the par t icu lar  model were CM- 
pared for each type o f  maneuver. I n  a l l  analyses, indiv idual  subjective 
rat ings were used rather than the mean ra t i ng  given a par t icu lar  maneuver. 
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A motiem var i rb lc  -led across a finite tim in terva l  can have several 
different ratum (fur exmp’le, meam v h e ,  root-meui-rqurn value, .H~I 
deviation, standard deviation, etc.). bfhfch of these measures lrost closely 
relates to passenger crrrfort during flight mnemers has not been detemhd. 
It m i g h t  be tha t  d i f f e ren t  rotion v a r f d l e s  have different most-appropriate 
measures. ‘Tkerefore, both the general regression analysis and tk par t i t ioned 
analyses e re  conducted employing f i v e  d i f f e m t  aeasures o f  each amtiat 
variable. A mure &ta i led  discussion of the regression analysis erpleycd i s  
presented i n  appendix C. 
Sumary Regression Uodel 
Table VI presents the order i n  which the 13 motion variables entered the 
regression when the variables were pleasured i n  each o f  5 ways (maxi- deviation, 
mean value, nean deviation, root-nean-square, and standard deviation) plus a 
canbination o f  root-man-square and standard deviation. Also shown for each 
regression step i s  the coef f ic ient  o f  u l t i p l e  determination (R2) which i s  
the proportion o f  the t o t a l  var ia t ion i n  indiv idual  comfort rat ings accounted 
f o r  by the regression model a t  t ha t  regression step. Hone o f  the regression 
models accounts f o r  more than 40 percent of the var ia t ion i n  indiv idual  c u n f w t  
responses. The canposite (nas and standard deviation) mde l  i s  the bast l inear  
model f w n d  a f te r  test ing many possible variable and variable-nmsure combinations 
(not presented herein). For a given model, Rz also provides an Indication o f  the 
improvement i n  model f i t  t o  the data obtained by adding another variable. As a 
general guide, t o  meri t  inclusion i n  fhe model (thus increasing i t s  complexity), 
i t  was assumed that  an addit ional variable should account f o r  a t  least  an addi- 
t iona l  1 percent i n  the var iat ion i n  carrfort ratings. For the best model, 4 
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variable murc~ u , 0%' ant and Q together acooI#tt for nore than 36 
percent of the variation i n  individual ccmfort ratings. Adding hi as a 
f i f t h  variable only accounts fo r  an additional 0.8 percent. In fact, a 
regression podcl employing a l l  13 variables, instead of just 4, accounts fo r  
less than an additional 3 percent in  rating variation. The most appropriate 
srrpprrary regression equation, then, setss t o  be one incorporating the f i r s t  4 
variable measures i n  the last  colum, specifically 
nX 
R = 1.477 + 12.3 u + 32.8 un + 11.6 un + 0.0220 F 
"X Y 2 
Statistics fo r  th is rodel are presented i n  table VII. The model accounts for 
36.3 percent of  the variation i n  individual comfort responses. The m i n i n g  
63.7 percent includes 54.1 percent due t o  variation i n  responses by the 10 
subjects experiencing any given maneuver (recall tfu! large standard deviations 
o f  responses to a single raneuver). The m i n i n g  9.6 percent i s  error. Yhile 
the lllls error with respect t o  individual responses using this d e l  i s  1.209, 
when the variation i n  individual ratings fo r  a given maneuver i s  accounted for, 
the nns error with respect t o  man ratings i s  only 0.469. While the correlation 
between the regression mdel and indjvidual comfort ra;ings i s  only 0.602, the 
correlation betteen the d e l  and the li#n rating given each maneuver i s  0.951. 
The regression has an F-value of 272 and i s  thus significant t o  a t  least the 
0.0005 level; that is, there i s  less than a 0.05 percent chance that the 
regression coefficients are i n  real i ty a l l  zero a d  that the given equation 
results by Chance. 
A 90 percent cmfidencidr interval for each coefficient i s  shown i n  table VII, 
For example, although i t  i s  not certain t h a t  a repetition o f  the f l i gh t  maneuver 
21 
exper imts md rcg-sim a l y t l s  m i d  mlt i n  a anz ~ f f l c i e t t t  sf 11.6 
tlrerc i s  a 90 mt d t l n c ~  that th Onr c a f f i c i t n t  obtained m l d  l i e  
between 10.5 and 12.7. A l t o  shun i s  the pottion o f  the average c a f o r t  rating 
contributed by each variable. It i s  rpplrmt from these data that anz i s  
not only the variable measure wctose reqression coefficient i s  amst accurately 
known, but also the largest single contributor to the average comfort rating. 
Simple Turns and Slums 
Sirple turns (fig. 10) yere f l a m  a t  constant alt i tude and specified 
constant airspeeds. Th, aircraf t  was rol led in to  B specified r o l l  angle with 
a specified l u x i l r u  r o l l  rate. After about 20 seconds o f  steady turning 
f l ight ,  the aircraf t  was brought back t o  straight and level f l ight, with 
approximately the saue aaxiww r o l l  rate. The maneuver evaluation Interval 
began approximately 5 seconds before the beginning o f  r o l l  in to  the turn and 
ended about 5 seconds after the return t o  straight and level f l ight. 
Regression analysis was applied t o  the 68 individual turning naneuvers 
(table ~111). The arbi t rar i ly  ass& requirement that an additional varlable 
increase R2 by a t  least 1 percent limited the choice o f  regression nodel to  
one o f  two: e i ther  a d e l  including u9 and any or a model including t4 
and t 
models and the l a t t e r  i s  chosen primarily because of i t s  relative simplicity 
of measure. 
There are only minor differences i n  the stat ist ics for  the two 
"Y' 
The maxinun ny devlatlons always occurred during turn entry and ex i t  
(that I s ,  those portions of the turning maneuver wcre not f u l l y  coordinated 
(ny = 0)). Because tny was related t o  tp (correlation = 0.77) and tp 
we8 a priarry tes t  p i r m t e r ,  a regresslon was done using v9 and tp which 
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resulted i n  the f o l l a r i n g  rodel: 
- 
R = 0.SS + 0.0610 t+ + 0.0653 t p  
S ta t i s t i cs  f o r  t h i s  Rodel are presented i n  table I X  and are fur ther  discussed 
la ter .  Airspeed (which ranged from 138 k t  t o  214 k t )  and a l t i t ude  (which 
ranged frola 1400 ft t o  10,900 ft) during simple turns had only secondary ef -  
fects on comfort and t h e i r  addit ion made l i t t l e  improvement i n  the above 
regression d e l .  
S-turns ( f i g .  11) were also flm a t  constant a l t i t ude  and specif ied 
airspeeds. A b o u t  f ive seconds af ter  the beginning of the maneuver segment, 
the a i r c ra f t  was rolled t o  a specified ro l l  angle. After a f ixed ti& 
interva l  (0, 10, or  20 seconds) a t  t h i s  r o l l  angle, the a i r c r a f t  was r o l l e d  
t o  an equal, but opposite, r o l l  angle. Af ter  about 10 seconds a t  t h i s  r o l l  
angle, the a i r c r a f t  was brought back t o  s t ra ight  and level  f l i g h t  and f i v e  
seconds l a t e r  the mneuver segment ended. A l l  ro l l  transients were with a 
specif ied rnaxinurn roll rate. 
Analysls o f  the S-turn data ( tab le X)  i n  general produced an order o f  
variable and variable masure s imi lar  t o  that  f o r  simple turns. For t h i s  
reason, and t o  obtain a comparison behJctn a s iaple tu rn  model and an S-turn 
model, the fo l lon lng S-turn d e l  rmploy?ng tp and t+ was developed: 
I -0.185 + 0.0785 +* + 0.0806 tp 
For s ta t l s t l cs  o f  t h i s  model see table X I .  Figure 12, which i s  a p l o t  o f  
the two models (eqr. 2 and 3) graphlcal'iy I l l us t ra tes  their s imi la r i t y .  A 
s t a t l s t l c a l  t es t  o f  t lgn l f lcance ( t - test )  lndlcated less than a 5-percent 
chance tha t  dlfferences I n  regresrlon coaf f lc ients  between the two models 
(3) 
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were anything more than chance occurrences. Therefore a composite regression 
model was generated using c o n b i d  simple-turn and S-turn data: 
= 0.293 + 0.0665 t$ + 0.0697 tp (4 )  
Sta t i s t i cs  f o r  t h i s  model are presented i n  table X I I ,  including a cornparison 
o f  i t s  predict ive accuracy w i th  tha t  o f  the sumnary regression d e l  developed 
ear l ier .  The above model i s  only s l i g h t l y  more accurate i n  i t s  f i t  t o  the turn 
and S-turn data than i s  the sumnary model but has the d i s t i n c t  advantage o f  
employing only the r e l a t i v e l y  simple measure o f  maximum r o l l  angle and maxinum 
r o l l  rate. 
A p l o t  o f  equation 4 and mean rat ings for the 23 unique simple turns and 
S-turns are shown i n  f igure 13. 
average o f  the 40 indiv idual  r i d e  comfort rat ings given one unique turning 
maneuver, as tha t  maneuver was repeated on 4 di f ferent f l i g h t s .  The corre- 
sponding r o l l  angle and r o l l  r a t e  f o r  t ha t  point  are the average maximum r o l l  
angle and maximum r o l l  r a te  over the 4 repet i t ions of that  maneuver. 
Each mean-rating data point shown i s  the 
In  agreemnt wi th the regression equation, these points indicate a 
general trend f o r  an increased r o l l  r a t e  t o  evoke a less favorable response. 
For a moderate maximum r o l l  r a te  (15 deg/sec) passenger rat ings generally 
became somewhat uncomfortable when the maximm r o l l  angle exceeded 40' 
Just as confidence in terva ls  were developed f o r  indiv idual  regression coef- 
f ic ients,  confidence in terva ls  were developed indicat ing the probable range o f  
mean comfort rat ings t o  be expected should the experiment be repeated. 
Figure 14 presents 90-percent confidence in terva ls  for the mean comfort re-  
sponse during a turn made wi th  a maximum r o l l  r a te  o f  15 deg/sec. The s o l i d  
l i n e  indicates the most l i k e l y  l i nea r  var ia t ion o f  mean comfort r a t i n g  wi th  
24 
r o l l  angle. A1 though one cannot guarantee tha t  repeat ing the turns experiment 
would r e s u l t  i n  mean comfort ra t ings  f a l l i n g  on the s o l i d  l i n e ,  one can pre- 
d i c t ,  w i th  a 90-percent p r o b a b i l i t y  o f  being correct ,  t h a t  the mean ra t i ngs  so 
obtained w i l l  f a l l  w i t h i n  the l i m i t s  shown. Also shown i n  f i g u r e  14 are mean 
comfort ra t ings  f o r  turn ing f l i g h t  obtained by the Un ivers i ty  o f  V i rg in ia  
dur ing r ide-qual  i t y  experiments ( r e f .  [12]) aboard the NASA General Purpose 
Airborne Simulator (GPAS). 
regression model, p a r t i c u l a r l y  a t  r o l l  angles less than 40'. 
These data are i n  substant ia l  agreement w i th  the 
The informat ion i n  f igures  9 ( r e f .  [ 8 ]  data) and 13 can be used t o  form 
a l i n e a r  re la t ionsh ip  betwee 
faction, shown i n  f igure 15. 
o f  h i s  passengers (w i th  regard t o  comfort) w i l l  l i m i t  h i s  r o l l  angle durirlg 
turns ( f o r  a 10 deg/sec maximum r o l l  r a te )  t o  20'. 
r a t e  dur ing the tu rn  on ly  s l i g h t l y  increases the allowable maximum r o l l  angle. 
Wri t ten passenger comments on ind iv idua l  maneuvers occurred q u i t e  cons is ten t ly  
when e i t h e r  the r o l l  angle exceeded 40" ( t y p i c a l l y  described as a "lightheaded 
fee l ing"  o r  a "s ink ing fee l ing" )  o r  the maximum r o l l  r a te  exceeded 15 deg/sec 
( t y p i c a l l y  described as "abrupt"). This r e s u l t  should be used w i th  caution, 
however, as there may be a s i g n i f i c a n t  d i f ference between the leve l  o f  motion 
a t  which a passenger f i r s t  becomes uncor,fortable and the motion l eve l  a t  which 
he i s  uncomfortable enought t o  make a w r i t t en  coment. 
J l l i n g  motion i n  a t u r n  and passenger sa t is -  
A p i l o t  wishing t o  sa t i s f y  a t  l eas t  95 percent 
Reducing the maximum r o l l  
Steady Descents 
Steady descent maneuvers ( f i g .  16) were tested by gradual ly b r ing ing  the 
a i r c r a f t  t o  a spec i f ied p i t c h  angle and f l i g h t  path angle and announcinrj the 
beginning and end o f  the eva lu i t i on  i n te rva l  before retrimming the a i r c r a f t  
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for  the next maneuver. On occasion, the e x i t  from an unusually steep descent 
was somewhat abrupt and imnediately followed announcement o f  the end o f  the 
evaluat ion i n te rva l .  
a te  only what they experienced dur ing the evaluat ion i n te rva l .  
Subjects, however, had been spec i f i ca l l y  asked t o  evalu- 
A pre l iminary examination o f  the  subject ive respcnses obtained dur ing 
steady descents ind icated a d e f i n i t e  symmetry about a zero p i t c h  angle ( t h a t  
i s .  t ha t  an a i r c r a f t  p i t c h  angle produced a s im i la r  degree of discomfort 
whether the a i r c r a f t  were pi tched nose up o r  nose down). 
cannot be proper ly accounted for i n  a l i n e a r  model employing the signed p i t c h  
angle, p r i o r  t o  regression a l l  mean and maximum p i t c h  angle values were con- 
verted t o  absolute values. 
( t ab le  XIII) suggests the fo l lowing model : 
Because t h i s  symnetry 
Regression analysis of the resu l t i ng  data 
- 
R = -0.1507 + 0.0981 Ifel - 0.118 fY + 0.0195 f 
vi 
(5) 
S t a t i s t i c s  for  t h i s  model are given i n  tab le  X I V .  Mean r a t i n g  contr ibut ions 
imply tha t  f o r  a given airspeed, a i r c r a f t  p i t c h  angle and f l i g h t  path angle are of 
equal importance. 
comnented a t  a l l  on the steepness of the a i r c r a f t  p i t c h  angle (up t o  13.8' nose- 
down), many passengers complained about rap id  changes i n  cabin pressure. 
expected t h a t  repeat ing t h i s  experiment i n  a pressurized a i r c r a f t  would r e s u l t  
i n  a g rea t ly  reduced in f luence o f  f l i g h t  path angle. 
r a t i n g  versus a i r c r a f t  p i t c h  angle are shown f o r  several f l i g h t  path angles and 
two airspeeds i n  f i g u r e  17. Also shown i n  the f i gu re  a r e  the means of data 
po ints  obtained a t  f l i g h t  condi t ions ( f l i g h t  path angle and airspeed) approxi- 
mating those appl icable t o  the regression l ines .  The r e l a t i v e l y  la rger  amount 
o f  data sca t te r  near zero p i t c h  angle i s  due t o  passenger responses t o  factors 
This f i nd ing  coptrasts w i th  the f a c t  t ha t  whi le few passengers 
It i s  
P lots  o f  r i d e  comfort 
'6 
other than a i r c r a f t  motions ( f o r  example, noise, temperature, etc.). 
90-percent confidence in terva l  for mean passenger comfort ra t i ng  during steady 
descents a t  an airspeed o f  200 k t  and f l i g h t  path angle of -6' i s  shdwn i n  
f igure 18. 
i s  that  indicated by the so l i d  l ine .  
A 
The most  l i k e l y  var ia t ion o f  mean comfort ra t i ng  w i th  p i t ch  angle 
There i s  a 90 percent chance that  repet i -  
t i o n  o f  any 
would resu l t  
shown. 
As prev 
est  po int  i n  t h i s  par t  o f  the experiment (Vi = 200 k t ,  y = -6") 
i n  a mean comfort ra t i ng  f a l l i n g  w i th in  the l i m i t s  (dotted l ines)  
ously mentioned, passenger subjects were qui te  speci f ic  and con- 
s is tent  i n  complaints o f  ear discomfort due t o  pressure changes during descents. 
A p l o t  o f  the percentage ofpassengersaboard who spec i f i ca l l y  commented on ear 
discomfort versus descent ra te  i s  shown i n  f igure  19. These data suggest that  
i n  order t o  l i m i t  ear discomfort t o  only 5 percent of the passengers aboard, 
descent rates i n  an unpressurized a i r c ra f t  should be l im i ted  to  400 ft/min. 
A crossplot o f  data from figures S and 17 y ie lds the passenger acceptance 
relat ionships shown i n  f igure  20. 
G i rc ra f t  making a 6" approach a t  200 k t  and a p i t ch  angle o f  2" nose down, 
thus sa t is fy ing  90 percent o f  h i s  passengers, could, by ra is ing  the nose 
s l i g h t l y  and slowing to  150 kt,  sa t i s fy  97 percent o f  h is  passengers wi th 
regard t o  comfort. 
As an example, a p i l o t  o f  an unpressurized 
Longitudinal decelerations ( f i g .  21) were 
a i r c r a f t  i n  a s l i gh t  climb, nose up, w i th  near 
engine power was then abruptly reduced and the 
curved f l i g h t  path as the airspeed decreased w 
Longitudinal Deceleration With Pitchover 
accomplished by placing the 
maximum engine power. The 
a i r c r a f t  allowed to  fo l low a 
t h  p i tch  a t t i tude  held constant. 
27 
As the airspeed approached a normal-landing f i n a l  approach speed, the a i r c r a f t  
was pi tched over t o  a nose-down a t t i t ude .  The average long i tud ina l  deceleration, 
the f i na l  p i t c h  angle, and the pi tchover r a t e  were varied. 
i n t e r v a l  began about 5 seconds before the engine power reduct ion and ended about 
t seconds a f t e r  obtaining the f i n a l  p i t c h  angle. 
The evaluat ion 
Regression acalyses o f  data obtained dur ing long i tud ina l  decelerat ions 
followed by pi tchover ( tab le  X V )  suggest t ha t  the most appropr iate model o f  
passenger comfort dur ing t h a t  type o f  maneuver i s  simply 
R = 1.749 + 22.1 5 
nZ 
The fac t  t h a t  nz 
agrees w i th  the fac t  t ha t  subjects t y p i c a l l y  found only  the pi tchover a t  the end 
o f  the decelerat ion t o  be uncomfortable, and tha t  the discomfort o f  the pi tchover 
was due t o  the "heave" motion experienced. 
t im i t s e l f  on ly  i n  terms o f  anxiety over the obvious (noise l e v e l )  reduct ion i n  
engine power. 
(0.184 g) st imulated no comment whatsoever, agrees w i t h  f indings o f  the Japanese 
National Railways tha t  r a i  1 passengers made no object ion t o  sustained decelera- 
t ions  o f  up t o  0.17 g ( re f .  [14 ] ) .  
i n  t h i s  maneuver i s  t y p i c a l l y  zero except dur ing the pi tchover 
Subjects z o m n t e d  on the decelera- 
The f a c t  t ha t  the maximum long i tud ina l  decelerat ion obtained 
S t a t i s t i c s  o f  the above regression model are given i n  tab le  X V I .  The 
c o e f f i c i e n t  o f  5 i s  known qu i te  accurately. The model f i t s  the mear, r a t i n g  
data t o  w i t h i n  an rms e r r o r  o f  about one-third r a t i n g  point ,  somewhat be t te r  than 
the summary regressior, model. 
account f o r  approximately one-third o f  the ind iv idua l  r a t i n g  variance, whi le  
d i f ferences o f  opinion among the ten subjects evaluat ing any given descent 
maneuver accounted for near ly twice as much r a t i n g  variance. 
nZ 
The maneuvers themselves and the model together 
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The deceleration model (eq. 6) was exercised by assuming an aircraft with 
the TIFS wing-loading and lift characteristics. The maneuver Mas assumed to 
include a smooth decrease in airspeed while at constant zercl pitch angle, fol- 
lowed by a smooth reduction in pitch angle. 
deceleration took 20 seconds and the pitchover 5 seconds. 
history was synthesized on a digital computer by an iterative program having a 
solution interval equal to the flight data sample interval (0.02 sec). The 
resulting normal acceleration time histories, and hence rms values, closely 
approximated those of corresponding experimenial maneuvers. 
It was assumed that the 
This maneuver time 
The variation of passenger comfort with average pitch rate during pitchover 
predicted by the regression model is shown in fiyure 22 for thr*ee final pitch 
angles and two values of airspeed at pitchcier. 
at which the aircraft pitches over have dominant effects on passenger comfort. 
The model also indicates that even a substantial longitudinal deceleration 
(0.157 g average for the 140 kt case) results in a net improvement in passenger 
comfort by reducing the airspeed, and hence normal acceleration, during pitch- 
over. Each experiment21 data point shown represents an average of the 
40 individual comfort ratings and four sets of motion meazure for one o f  the 10 
unique deceleration-pi tchover maneuvers tested. 
The final pitch angle and rate 
Agreement between the model and 
experimental data is good. 
A 90 percent confidence interva for the variation of mean comfort rating 
with average pitch rate (final pitch angle of -loo, 200 kt airspeed) is shown in 
figure 23. While the solid line ind cates the most likely mean rating, tkere is 
a 90 percent probability that repeating the experiment would result in mean 
ratings falling within the broken lines. Cross-plotting the data of figures 9 
and 22 results in the passenger-acceptance relationships shown in figure 24. 
29 
Constant acceptance bountiaries wi th  respect t o  f ina l  p i t ch  angle and average 
p i t ch  ra te  are shown f o r  two airspeeds. 
(which would normally be accomplished w i th  a small p i tch inq ra te )  a substantial 
average p i tch ing ra te  i s  permissible. 
(where one might expect correspondingly large values of p i t ch  ra te )  the allowable 
p i tch ing ra te  f o r  a given acceptance level  i s  sharply curtai led.  
airspeed moves the acceptance boundary curves toward the or ig in .  
approach speeds (140 t o  200 k t ) ,  95 percent passenger acceptance implies average 
p i t ch  races not t o  exceed 0.5 deg/sec for small changes i n  p i t ch  a t t i tude  or  
0.1 deg/sec fo r  large changes i n  p i tch  at t i tude.  
For a small change i n  p i t ch  a t t i t ude  
For large changes i n  p i t ch  a t t i tude  
Increased 
A t  normal 
Turning Decelerations With P i  tchover 
Four d i f f e ren t  maneuvers of t h i s  type were tested. One ourpose was to  
determine which o f  the preceding simpler maneuvc a would have dominant influence 
on comfort i n  a more complex maneuver. 
the regression models developed for simpler maneuvers could be combined t o  closely 
model the data obtained i n  a more complex maneuver. 
about 5 seconds a f te r  s t a r t  of the evaluation in terva l  wi th  a r o l l  ( a t  moderate 
ra te)  i n t o  a turn o f  specified r o l l  angle and duration. During the r o l l  i n t o  
t ,- turn, t h r  engine power was reduced and the airspeed allowed t o  decrease wi th  
p i tch  a t t i tude  maintained. 
r o l l e d  out o f  the turn and pitched over t o  a steady descent condition. 
f l i g h t  condition was maintained through the end o f  the evaluation in terva l .  
Regression analysis ( tab le X V I I )  o f  the motion data from the 16 unique maneuvers 
and 160 indiv idual  rat ings suggests the following model: 
The second purpose was t o  determine i f  
The maneuver ( f i g .  25) began 
Near the end o f  the deceleration the a i r c r a f t  was 
This 
- 
R = 4.871 + 0.225 ay - 0.0557 aV 
i 
(7) 
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Stat4st i r :s for  t h i s  model are given i n  tab le  XVIII. Tire modttl f i t s  the data 
q u i t e  wel l  (mean r a t i n g  rms e r r o r  of 0.278) and indicates t h a t  the pi tchover 
por t ion  of the maneuver was the dominant factor in f luenc ing  passenger comfwt .  
This f ind ing i s  i n  agreement w i th  the subjects '  w r i t t e n  comments i n  which the 
pi tchover was the dominant complaint, steepness o f  the t u r n  was second, atld 
almost none comrlained of the deceleration. As i n  the simpler deceierat ion plus 
pi tchover (wi thout turn ing)  the long i tud ina l  decelerat ion (proport ional  t o  u ) 
had a benef ic ia l  e f f e c t  on comfort. 
as i n  the case of the simpler maneuver: 
i n  reduced normal accelerat ion dur igg the pitchover, and hence increased com- 
fo r t .  Although inc lcd ing  CY,, i n  the model increases the por t ion  o f  rat,;ng 
variance accounted for  by the model from 13.1 t o  14.8 percent, i* also g rea t l y  
increases the uncer ta in ty  o f  the c ther  coef f i c ien tc .  The F - s t a t i s t i c  for  t h i s  
model indicates only  a 0.1 percent chance tha t  the regression co ('fit . 
occurred by chance. Yowever, because the model i s  based on such a hid11 portior; 
o f  the t o t a l  r a t i n g  variance o! ta ined dur ing t h i s  type of maneuver, no parametric 
p l o t s  based on the model are presented. 
maneuvers using the modal developed for  simple- and S-turns (eq. 4 )  resul ted 
i n  an average underestimation o f  0.98 r a t i n g  point .  ind ica t ing  tha t  the subjects 
were responding t o  more than j u s t  the turn.  The same exercise using the simple 
deceleration-wi t h -p i  tchover model (eq. 6)  y ie lded an average overestimation o f  
0.27 r a t i n g  point ,  probably because the negative (passenger pushed i n t o  
the seat) dur ing the tu rn ing  por t ion  o f  the maneuver i s  not near ly as uncom- 
fo r tab le  as the pos i t i ve  nz (passenger l i f t e d  out o f  the seat) developed 
dur ing p i  tchover. 
time h ts to ry  was d iv ided i n t o  three segments: t u rn  ent.-y, steady tu rn  plus 
"i 
The reason f o r  t h i s  i s  probably the saw 
reduced airspeed a t  p i tchover resu l t s  
z 
Estimating the comcort of these 
nz 
I n  :nother analysis approach each tu rn ing  decelerat ion motion 
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deceleration, and turn e x i t  plus pitchover. The four motion variables and 
variable measures thought most appropriate i n  each segmnt were reevaluated from 
the basic data tape. 
that  the variable accounting f o r  most of the discomfort was the p i t c h  rate 
during pitchover. 
most s ign i f icant  variable was the maxinum normal acceleration during turn entry. 
Again, these findings are i n  complete agreemen.: wi th  the subjects' wr i t ten com- 
ments. The model i t s e l f ,  however, f a i l e d  t o  fit the r a t i n g  data nearly as well  
as equation 7. 
t h i s  type, passengers react mostly t o  the pitchover, somewhat less t o  the turn, 
and l i t t l e ,  i f  a t  a l l ,  t o  the deceleration. 
maneuvers tested and the resul t ing l i m i t s  on variable range so reduced the 
rat ing variance due t o  the maneuvers themselves that  no sat isfactory regression 
model could be developed. 
other compound maneuvers the surmnary regression model be used t o  predict 
passenger comfort. 
Regression analysis using the resul t ing data indicated 
With that  port ion o f  the variance accounted for,  the next 
In s u m r y ,  i t  was determined that  i n  a complex maneuver of 
The l imi ted number o f  unique 
For th is  reason i t  i s  suggested that  f o r  t h i s  and 
CHAPTER V I  
CONCLUS I ONS 
A series o f  f l i g h t  experiments has been conducted using a variable- 
s t a b i l i t y  research a i r c r a f t  and a s ign i f icant  number o f  passenger subjects t o  
investigate the passenger comfort o f  teminal-area f l i g h t  maneuvers. Analysis 
of the variance n the comfort rat ings obtained indicated tha t  the objective 
o f  repeating the passenger environment from f l i g h t - t o - f l i g h t  by magnetic tape 
control o f  the a r c r a f t  was obtained. The same analysis and subsequent 
analyses, however, indicated that  the rat ing variance due t o  differences among 
indiv idual  subjects responding t o  the same motion environment can be as large 
as o r  larger than the rat ing variance due t o  differences i n  the maneuvers 
themselves. The data obtained have been analyzed through mul t ip le  1 inear 
regression t o  produce several ride-comfort moael s . Each model expresses the 
passenger comfort ra t ing o f  a given f l i g h t  maneuver as a l inear  function o f  
one o r  more of the motion variables measured during that maneuver. Optimum 
measures (mean value, root-mean-square, standard deviation, etc.) o f  the 
motion variables were determined f o r  each type o f  f l i g h t  maneuver tested. A 
sumnary model was oenerated using the en t i re  data set co l l ec t i ve l y  and i s  
recommended f o r  predict ing the passenger comfort o f  cmpou1.4 maneuvers, such 
as turning decelerations 
Modeling of simple turn and S-turn data indicated no s ign i f icant  differences 
i n  passenger response t o  the two types o f  turn. The analysis U I S O  indicated 
that passenger comfort was most closely described as a function o f  maximum r o l l  
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angle and maximum r o l l  rate, with l i t t l e  or no influence of airspeed or  a l t i tude.  
A goal o f  95 percent passenger sat is fact ion implies a maximum r o l l  angle o f  20' 
and a maximum r o l l  r a te  o f  10 deg/sec. 
The comfort model obtained f o r  steady descents indicates a s ign i f i can t  
influence o f  p i t c h  at t i tude, f l i g h t  path angle, and airspeed. However, it i s  
thought that the influence o f  the l a t t e r  two motion variables was due t o  cabin 
pressure changes during the descents, rather than the motion variables 
themselves. A goal o f  95 percent passenger sat is fact ion suggests a maximum 
descent ra te ( f o r  unpressurired a i r c r a f t )  o f  400 f t /min and a maximum nose-dcwn 
p i t c h  angle o f  .6O during normal 3" approaches. 
Passenger comments and modeling o f  comfort rat ings obtained during simple 
decelerations followed by p i  tchover indicate that  the normal acceleration 
transient during pitchover was the dominant influence on comfort. Exercising 
the resul t ing regression model wi th computer-synthesized maneuver time h i  stor ies 
indicates that  a substantial longitudinal deceleration can actual ly improve 
overal l  passenger comfort by reducing the airspeed, and hence, the normal 
acceleration during pitchover. A t  normal approach speeds, a goal o f  95 percent 
passenger sat isfact ion suggests maximum p i t ch  rates o f  0.5 deg/sec. 
Regression analysis o f  data from several compound maneuvers ( turning 
decelerations wi th pitchover) produced a model which f i t  the data qui te  we1 1. 
The data base f o r  the model, however, was such that  the model was based on only 
a small port ion of the t o t a l  variance i n  individual rat ings. It is,  therefore, 
suggested that f o r  compound maneuvers the sumnary regression model be used. I t  
was a l s o  determined that  i n  a compound maneuver o f  the type tested, passenger 
comfort relates most closely t o  the pitchover portion, next closest t o  the turn, 
and l i t t l e  i f  a t  a l l  t o  the longitudinal deceleration. 
APPENDIX A 
PASSENGER QUEST I ONNA I RE 5 
Questionnaire I (pp. 35 - 36) was completed by each prospective passenger- 
subject and was the basis for approval or disapproval by the Langley Medical 
Of f icer  o f  t ha t  subject's par t ic ipat ion i n  the maneuver experiments. 
Questionnaire I 1  (pp. 37 - 40) was completed by each passenger-subject p r i o r  
t o  h i s  par t ic ipat ion i n  the maneuver experiments, and was used t o  determine h i s  
background, previous f l i g h t  experience, and at t i tudes toward f l y i ng .  
Questionnaire I11 (pg. 41) was completed by each passenger-subject aboard 
each tes t  f l i g h t  and obtained that passenger's comfort evaluation o f  each o f  the 
24 maneuvers tested during that f l i g h t .  
Questionnaire I V  (pp. 42 - 44) was completed by each passenger-subject 
aboard each test  f l i g h t  and obtained that  subject's evaluation of the comfort o f  
the tes t  f l i g h t  as a whole, and o f  par t icu lar  aspects o f  comfort during tha t  
f l i g h t .  
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STANDARD FORM 93 
JANUARY 1971 
GSA FPMR 101-11.1 
Questionnaire I 
35 
36 - 
EF 
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I 
W I  ~ CMftK EACH ITLY YES OR NO. N E W  lTfu CHCCKED V I S  UUSl O f  FULLY DWlAlNED IN O U N K  SPACE ON RIGMI 
21 
.- 
1 22. 
I 
I 
6; 
I , 
I 
Questionnaire 11 
NASA 
~ ~~~ ~ 
This questionnoin Is part of an effort by the Notional Asr#rankt and Space Admbrbtmtiar 
ad the University of Virginia to obtain informotiar from the flying publk to be used in th. dcriQl 
of future tmnrportation systems The got11 k to identify the needs ond dosiras of airline passmom 
so that they can be mtisfied by future systems. Ywr coopemtion in completing this fomr will be ap- 
preciated and can only benefit you, the air tmvalcr. 
We would like rnly yarr first impmslonr on each westion, and yar need not answer any q ~ c s -  
tiom that offend you. 
Thank you for your c w r a t b n .  
1.  Age- 2. Sex: 0 Male 0 Female 
3. Occupation 
4. In a sentence or W, how do you feel about flying? (Examples - I lave to fly; I do 
it whenever possible; or I hate to fly and do so only when forced ro by my job.) 
5. Primary purpose of m t  of your flights? 
0 Business 0 P e m l  
6. Who prrrrides thc funds for most of your flighis? 
0 Business a Personal 0 orher 
7. How often do you fly? (Examples - Once a week, once a month, etc.) 
8. Place a check in the box which describes the importance of eoch of the following in 
detetmining your satisfaction with an airplane ride. 
9. Place a check in the box which describes the importance of each of the following in 
determining your feeling of comfort on an airplane ride. 
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10. Which fivm of the following activities occupy most of your time in flight? Rank them 
using the numbers from 1 to 5 to shaw the position of each, with 1 representing the mo# 
tima and 5 the least time. Use each number only once. 
- Eating - Conversation - Looking act the whdow 
- Drinking - Writing - Thinking 
- Sleeping - Daydreaming - Walking in the aisle 
- Reeding - Smoking 
11.  &low are some statements about air travel in general. Considering your ovomll flight 
ox1~.rhco, place a check in the column which indicates the degree to which you 
agree with each statement. 
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Route 
hom: 
- - - -- - - -. - -- - - - - 
To: 
F m .  
To. 
rmm: 
To: 
hom: 
lo: 
fmn: 
10: 
--------------- 
--------------- 
--------------- 
--------------- 
12. If 'mi are going on o trip, what are some of the factors you watld consider in choosing 
to go by air rather than by another mode of tronrportation (such as train, bus, car, etc. ) ? 
Mode Purpose of Trip Length of stay 
3 Automobile 0 Train 0 Business 
0 Ai.plane 0 Bus 0 Other 
0 Automobile 0 Train 0 Business 
0 Airplane p Bus 0 Other 
0 Automobile 0 Train 0 Business 
0 Airplane OBIS OOther 
0 Automobile 0 Train 0 Business 
0 Airplane I7 Bus 0 Other 
0 Automobile 0 Train 0 Business 
0 Airplane 0 Bus 0 Other 
13. Please fill in the table klow for your past few intercity trips, as best as you can re- 
- 
Trip - 
1 
- 
2 
- 
3 
- 
4 
5 
The success of this program depends on yarr undcntanding of the qwrtiont asked ond our 
knowledge of y w r  feelings. To accmplirh *ic, we would lib to diuuu this questianr.aire in greater 
depth with you. If you are willing, please put y a w  nome and telephone number at which we can con- 
tact you in the space below and we will make an appointment to talk to you at your convenience. 
Telephone Number: Name: 
I I  
20 
21 
22 
23 
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Ques tionnai re I I I 
T I F S  
Please indica te  below your comfort assesment of each maneuver, as it 
i s  announced. Please comment on any aspect of your confort  you f i n d  
outstanding. e 
Comments 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Questionnaire !V 
1. Indicate your overall  reaction t o  thib; f l ight :  
0 Very Comfortable 
0 Comfortable 
0 Somewhat Comfortable 
0 Neutral 
0 Somewhat Uncomfortable 
0 Uncomfortable 
0 Very Uncomfortable 
2. After experiencing th i s  f l i g h t ,  I would: (check only one) 
0 be eager t o  take amther  f l igh t  
0 take another f l i g h t  without MY her i ta t ion 
0 take .nother,fl ight,  but with rme heritation 
0 prefer not to  toke another f l i a h t  
0 not take .nother f l igh t  
3. Indicate your reaction t o  tho f o l l d q  motlano of the a i r c r a f t ,  
Not S a w h a t  Very 
Uacaf or tabla Uacaf or table Unca for tablQ 
Up and down (bormcla#). . 
Backward md fonard .  . . . 
Side to  ~1d.m a a a 
Suddrn d ~ r c a t m  
Suddrn joltr. . . . . e 
Turn-. a a a a rn a a 
Conaral vibration 
Othor (rpocify) : 
0 0 0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
C 
0 0 0 
Q 0 f3 
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4 . 0  Check the  box which i n d i c a t e s  your f e e l i n g s  about each of t h e  fol lowing items on 
Not Somewlint Very  t h i s  f l i g h t  
Uncomfort2hle Uncomfortable U n c m f o r t a b l e  
. . . . . . . . . . . .  0 
0 
0 
smoke 0 
Light ing.  
P res su re  (on e a r s ) .  . . . . . . .  
. . . . . . . . . . . . . .  Noise 
Odors ( o t h e r  than tobacco . . . . . . . . . . . . .  
. . . .  u Presence of tobacco smoke 
Temperature . . . . . . . . . . .  0 
. . . . . . . . . . .  V e n t i l a t i o n  c 
Workspace . . . . . . . . . . . .  L J 
i l  
n 
. i  
n 
U 
'J 
,- , 
r i  
I 
, _ I  
I '  
L -  
I I  
i -1 
Ll 
5. I n A i c a t e  your r e a c t i o n  t o  each of the f o l l o v i n g  s t a t emen t s :  
Strongly 
Agree I) i s .IR re e Disagree 
The s e a t  has enough l e g  room. . .  0 L L7 
The f i rmness  of the  s e a t  is . . . . . . . . .  ,I E s a t i s f a c t o r y .  ti 
The s e a t  is w i d e  enough . . . . 0 0 0 
The shape of t h e  s e a t  is . . . . . . . . .  0 s a t i s f a c t o r y .  L; 0 
The seat can be a d j u s t e d  t o  
your r a t i n f a c t i o n  . . . . . . .  a 0 
6. Check t h e  box which i n d i c a t e s  how much time during t h i s  t r i p  you s p e n t  doing 
each of t h e  fol lowing:  
L i t t l e  or none Some Considerable  
R e a d i n g .  . . . . . . . . . . . .  
W r i t i n g . . . . . . , . . . . .  . 
Talking . . . . . . . . . . . . .  
0 
0 
0 
0 
0 
i3 
0 
0 
0 
. . . . .  Looking ou t  t he  window. 0 n D 
Dozing. 0 0 0 
Thinking. . . . . . . . . . . . .  L3 0 0 
. . . . . . . . . . . . .  
Drinking o r  e a t i n g .  . . . . . . .  0 0 
If any of t h e  above were d i f f i c u l t  to  perform, which o n e ( s ) ?  - 

APPENDIX B 
R IDE COMFORT RATING ;\.ALYSIS OF VARIANCE 
.In i n d i v  
ar ray o f  r i d e  
which are def 
Factor A 
Factor B 
Factor C 
i s  i d e n t i f i e d  w i t h i n  the whole Ri j k l '  dual r i d e  comfort  r a t i n g ,  
comfort r a t i n g s  obtained by four f a c t o r  ind ices  i , j , k ,  ana 1, 
ned as fo l lows:  
i = 1,2 Maneuver motion cornand tape (Tape I o r  
Tape 11) p i l o t i n g  the a i r c r a f t  a t  t ime 
r a t i n g  was obtained 
j = 'i,2,3,4 Repet i t ion  o f  Tape I o r  I 1  dur ing  which 
r a t i n g  was obtained 
k = 1,2,. .. ,24 I n d i v i d u a l  t e s t  maneuver f o r  which r a t i n g  was 
ob t a  i ned 
Factor 3 
Thsr, w i t h  two motion command tapes, each t e d  :ed 4 times, w i t h  each L.rpe 
1 = 1,2, ..., 10 Seat i n  which the passenger g i v i n g  the r a t i n g  
was seated 
r e r e t i  t i a n  prov id ing  24 i n d i v i d u a l  t e s t  maneuvers, and each t e s t  maneuver 
evaluated by 10 subjects,  there  are 1920 (2~4~24x10) i n d i v i d u a l  r i d e  comfort 
r a t i n g s  Rijkl . Each r a t i n g  i s  uniquely defined by the 4 f a c t o r  ind ices i, j ,  
k, and 1. 
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Analys is  o f  var iance determines which, i f  any, o f  t he  4 f a c t o r s  (A, B, C, 
o r  D) o r  combinations o f  f a c t o r s  (e.g. A w i t h  B, B w i t h  0, A w i t h  C w i t h  D, e t c . )  
account f o r  s u b s t a n t i a l  p o r t i o n s  o f  t h e  s t a t i s t i c a l  var iance i n  the  r i d e  comfort  
r a t i n g s  obtained. This  determinat ion i s  equ iva len t  t o  determinat ion o f  which o f  
t h e  4 f a c t o r s  o r  combinations o f  f a c t o r s  exer ted subs tan t i a l  i n f l uence  on the r i d e  
comfort r a t i n g s  obtained. 
D i  scussior, o f  Mathematical formulas Employed 
The mathematical formulas used i n  the  ana lys i s  o f  var iance (See t a b l e  B - I 
For an i n d i v i d u a l  f a c t o r  f o r  numerical examples) are presented i n  t h i s  sect ion.  
(Factor  A, f o r  example), the r a t i n g  sum o f  squares (SA; i s  determined as fo l l ows :  
where: 
S i m i l a r l y ,  the sums o f  squares f o r  t h e  remaining i n d i v i d u a l  f a c t o r s  ( B ,  C, 
and D) are, r e s p e c t i v e l y :  
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Y p .  I -rz 
[= / 4 3 .  7 j  
A two-factor i n t e r 8 c t i o n  i s  the e f fec t  on the r a t i n g  var iance o f  a combi- 
For the two- factor  i n t e r a c t i o n  AB (motion comnand t ~ p e  
AB 
n a t i o n  of two fac to rs .  
w i t h  tape r e p e t i t i o n )  the r a t i n g  sum of squares ( S  ) i s :  
where : 
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Similarly: 
S C  D 
LL 
Y=I e=! 
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A three - fac tor  i n t e r a c t i o n  i s  the  e f fec t  on the  r a t i n g  var iance of  a 
combination o f  th ree  fac tors .  For the three-  
command tape wi th  tape r e p e t i t i o n  w i t h  ind iv idua l  f l i g h t  maneuver) the  r a t i n g  
sum o f  squares (SABc) i s :  
. t o r  i n t e r a c t i o n  ABC (motion 
where: 
S i  m i  1 a r l  y: 
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The t o t a l  var iance s m  o f  square ( S )  is:  
The e r r o r  sum of squares i s :  
5,- 5 -  
The numi.or o f  degrees-of-freedom f o r  a g iven f a c t o r  i s  def ined as - one less  
than the dimension ~f t h a t  f a c t o r .  
degrees-of-freedom. 
degrees-of-freedom. The th ree - fac to r  i n t e r a c t i o n  ,SCD has 621 
[(4-1) x (24-1) x (10-l)] degrees-of-freedom. 
Factcr  C,  f o r  example, has 23 (24-1) 
The two- fac to r  i ? t e r a c t i o n  BC bas 69 [(4-1) x (24-l)] 
5 1  
The mean square f o r  any i n d i v i d u a l  f a c t o r  o r  f a c t o r  i n t e r a c t i o n  i s  d e f i n e d  
as i t s  sum of squares d i v i d e d  by i t s  degrees-of-freedor,,. For  exanple, t he  
mean-square va lue  f o r  t h e  t w o - f a c t o r  i n t e r a c t i o n  BD i s  13 .3  (359.7/27). 
The F s t a t i s t i c  f o r  any i n d i v i d u a l  f a c t o r  o r  f a c t o r  i n t e r a c t i o n  i s  d e f i n e d  
as t h e  r a t i o  of t h e  mean-square va lue  f o r  t h a t  f a c t o r  t o  t h e  e r r o r  mean-square 
va lue .  
17.7 (15.9/0.9).  
can be used toge the r  w i t h  a t a b u l a t i o n  o f  t h e  s t a t i s t i c a l  F - d i s t r i b u t i o n  t o  
de termine the  p r o b a b i l i t y  t h a t  v a r i a t i o n s  i n  t h e  r i d e  comfor t  r a t i n g s  ob ta ined  
were i n f l uenced  by  t h a t  p a r t i c u l a r  f a c t o r  o r  combinat ion o f  f a c t o r s .  
done by scanning F - d i s t r i b u t i o n  t a b u l a t i  ns t o  determine t h e  minimum s i g n i f i c a n c e  
l e v e l  ( a  t a b l e  parameter d e f i n e d  below! f o r  which t h e  t a b u l a t e d  F va lue  (hav ing  
p a i r e d  degrees-of-freedom equal  t o  those o f  t he  a n a l y s i  s -o f - va r iance  e r r o r  
te rm and o f  t h e  f a c t o r  i n  ques t i on )  does n o t  exceed t i l e  F s t a t i s t i c  f o r  t h e  
f a c t o r  i n  ques t ion .  The s i g n i f i c a n c :  l e v e l  ( a )  thus de ter . , ined  i s  t h e  
p r o b a b i l i t y  t h a t  any apparent e f f e c t  o f  t h e  f a c t o r  i n  ques t i on  occurred, i n  
f a c t ,  mere ly  LJ8 chance. 
the  p r o b a b i l i t y  t h a t  t he  f a c t o r  i n  ques t i on  had s i g n i f i c a n t  i n f l u e n c e  on t h e  
va r iance  i n  r i d e - c o m f o r t  r a t i n g s  obtained. 
Fac to r  B i s  2.6 w i t h  3 degrees o f  f r e e d m .  The e r r o r  term has 621 degrees-of-  
freedom. Examinat ion o f  F - d i s t r i b u t i o n  t a b l e s  a t  a combinat ion o f  3 and 621 
degrees-of-freedom y i e l d s  t a b u l a t e d  F values of 2.08 f o r  a = 0.13, 2.58 f o r  
a = U.05, and 2.79 f o r  a = 0.025. Therefore,  t h e r e  i s  a t  l e a s t  a 5-percent 
p r o b a b i l i t y  ( a  = 0.05) t h a t  t he  fac to t -  B d i d  n o t  i n f l u e n c e  t h e  r a t i n g s  ob ta ined.  
Conversely, t h e r e  i s  somewhat l e s s  than a 95-percent p r o b a b i l l t y  t h a t  the  r a t i n g s  
were i n f l u e n c e d  by r e p e t i t i o n  o f  a g i ven  maneuvpr mc t ion  comnand tape (Fac to r  B). 
For  example, t h e  F s t a t i s t i c  f o r  t h e  t h r e e - f a c t o r  i n t e r a c t i o n  ABD i s  
The F s t a t i s t i c  f o r  any i n d i v i d u a l  f a c t o r  o r  f a c t o r  i n t e r a c t i o n  
T h i s  i s  
S u b t r a c t i n g  t h i s  p r o b a b i l i t y  f rom u n i t y  , < l - a )  y i e l d s  
For example t h e  F s t a t i s t i c  f o r  
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D i  scussi on of Analysis Results 
I t  can be said with a 0.1 percent chance of error  (0.001 significance 
level)  that  among the individual factors the maneuver tape, maneuver segment, 
and passenger seat affect  subjective responses. 
probability of error  can one say that  repetition of a given maoeuver tape 
had an influence on the subjective responses obtained. 
because i t  indicates t h a t  the objective of  repeating the f l i g h t  maneuver 
sequence through magnetic-tape control of the a i rc raf t  was achieved. The 
dominant main e f fec t  appears to  be the individual maneuver segment (as was 
intended). 
present two approximately equivalent ser ies  o f  manecvers. 
Only by accepting a 10 percent 
This resul t  i s  g r a t i f y i n g  
The two maneuver tapes were so individually structured as t o  
Employing the procedures defined previously and sub-factors, the sum of 
squares attr ibuted to  seat location (Factor D )  can be further partitioned i n  
several ways, as shown i n  Table B-11. 
squares for each sub-factor i s  t h a t  portion o f  the sum of squares due t o  seat  
location (143.7) w h i  h i s  i n  turn due t o  the particular sub-factor. 
seat  was next t o  a w ndow or on t h e  a i s le ,  and whether the seat was i n  the 
forward or a f t  cabin had l i t t l e  apparent effect  on the subjective responses 
g iven  by a passenger i n  that  seat. 
of tne sum of squares due t o  seat  location seems to  be whether or not the 
seat  could be reclined. 
pace1 immediately behind, while the same was true of beat 10 because o f  a video 
recorder rounted imxdiately behind the sea t .  Another possible rea5on for this  
contrast i s  t h a t  the noise level measured a t  t h -  less comfortable seats 
exceeded the level a t  the other sea ts ,  A l t h o u g n  the noise-level difference 
appeared t o  the minor, the noise a t  seats 3 and 6 included a h i g h - p i t c h  w h i n t  
I n  th i s  table,  the par t ia l  sum of 
Whether a 
The sub-factor accounting f o r  84 percent 
Seats 3 and  6 were prevented from reclining by a w a l l  
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from the  h y d r a u l i c  equipment behind the  panel ing.  
sub jec t i ve  response between the  r e c l  i n i  ng and non-recl i n i  ng seats i s  0.55. 
The d i f f e r e n c e  i n  mean 
A1 though f o u r  of the s i x  two-factor i n t e r a c t i o n s  ( t a p e / r e p e t i  t i o n ,  tape/ 
segment, tape/seat, and r e p e t i t i o n / s e a t )  a re  s i g n i f i c a n t  a t  t he  0.001 l e v e l  , 
the tape,'seat and r e p e t i t i o n / s e a t  i n t e r a c t i o n s  a re  dominant, together  accounting 
f o r  71 percent of the two- factor  sum o f  squares. 
r e p e t i t i o n  i n t e r a t i o n  could be expected a: t h e  two tapes and i n d i v i d u a l  segments 
w i t h i n  a g iven tape contained w ide ly -va r ied  maneuvers. The s u b s t a n t i a l  
r e p e t i t i o n / s e a t  i n t e r a c t i o n  was a l so  expected, as r e p e t i t i o n  o f  e1Lti8r t ape  
sequence was preceded by a t  l e a s t  a s h u f f l i n g  o f  sub jec ts  among seats ana m o h i  
o f t e n  by a change of  subjects  a l t oge the r .  
The magnitude o f  the tape/ 
The t a p e / r e p e t i t i o n / s e a t  i n t e r a c t i o n  was found t o  be s i g n i f i c a n t  a t  the 
0.001 l e v e l .  The i n t e r a c t i o n  ium o f  squares (which spans the data obtained from 
the e n t i r e  passenger sub jec t  popul i i t ion)  can be p a r t i t i o n e d  among var ious 
passenger-subject c h a r a c t e r i s t i c s  as shown i n  Table B-111. 
these con t ras ts  were obtained from the  t e s t - s u b j e c t  schedule and personal 
background quest ionnai res.  
f l y i n g  was determir,..A by whether o r  n o t  the s u b j e c t  inc luded any expressions 
o f  appreht nsior, &c ; r ib ing  h i s  general a t t i t u d e  toward f l y i n g .  
according t o  p r e v i  ?us xir iedver experiments experience was determined by 
whether o r  n o t  t!,e sub jec t  had f lown on a preivious maneuver experiment f l i g h t .  
While none o f  these s u b - p a r t i t i o n s  accounts by i t s e l f  f o r  a s u b s t a n t i a l  p o r t i o n  
o f  the tape/repet i  t i o n / s e a t  i n t e r a c t i o n ,  a l l  except sex i n d i c a t e  e f f e c t s  on the 
i n t e r a c t i o n  which are s i g n i f i c a n t  a t  t he  0.001 l e v e l .  
r a t i n g  g'ven by males was 3.57 wh i l e  t h e  mean r a t i n g  g iven by females was 3 .63 .  
Data f o r  d e f i n i n g  
The p a r t i  t i o n  according t o  general a t t i  tude toward 
The p a r t i  t i o n  
The mean sub jec t i ve  
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I n  sumnary, ana lys i s  o f  var iance a p p l i e d  t o  the passenger response data 
i nd i ca tes  t h a t  t he  o b j e c t i v e  o f  present ing a repeatable f l i g h t  environment t o  
passenger-subjects on d i f f e r e n t  f l i g h t s  was achieved. 
being tez ted  and t h e  passenger seat l o c a t i o n  were found t o  s i g n i f i c a n t l y  a f f e c t  
The p a r t i c u l a r  naneuver 
the  sub jec t i ve  r a t i n g  given, w h i l e  the v a r i a t i o n  i n  r a t i n g s  g iven between 
r e p e t i t i o n s  o f  a g iven maneuver sequence were i n s i g n i f i c a n t .  
e f f e c t s  can be l a r g e l y  explained by three seats which were n o n - r e c l i n i n g  and 
Seat l o c a t i o n  
i n  a n o i s i e r  l o c a t i o n  than the o t h e r  seven. S i g n i f i c a n t  two and th ree  f a c t o r  
i n t e r a c t i o n s  e x i s t  which were n o t  found t o  be expla inable by known passenger- 
sub jec t  cha rac te r i  s t i c s  . 
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Table B - I  - Comfort Rat ing Analysis o f  Variance 
Source o f  v a r i a t i o n  
Main E f f e c t s :  
Sum o f  squares 
H (Maneuver tape) 30.3 
B (Tape Repeti  t i o n )  6.9 
C (Maneuver Segment) 271.8 
D (Seat)  143.7 
Two-fac t o r  i nterac t i o n s  : 
A0 24.8 
AC 534.7 
AD 81 .O 
Bi 74.7 
BU 359.7 
CD 104.6 
Three- factor  i n t e r a c t i o n s :  
AB C 73.5 
ABD 428.5 
ACD 179.3 
BCD 464.3 
ERROR 539.4 
D.O.F. 
1 
3 
23 
9 
3 
23 
Y 
6r 
27 
207 
69 
27 
207 
62 1 
621 
Mean Square 
30.3 
2.3 
55.3 
16.0 
8.3 
23.2 
9 .u 
1.1 
13.3 
0.9 
1.1 
15.9 
0.9 
0.7 
0.9 
F - 
33.7 
2.6 
6: .4 
17.8 
9.2 
25.8 
10.0 
1 . z  
14.8 
1 .o 
1.2 
17.7 
1 .o 
0.8 
1 OTAL 4397.2 1919 
56 
Table B - I 1  - Ana lys i s  o f  Var iance - Seat L o c ? t i o n  E f f e c t s  
Loca t ion  E f f e c t s  
Jource o f  vd r - i a t i on  --- -- - ~ -  ~ 
Seat Loca t ion  (D) 
Window-Aisle 
Front-Rear 
Rec l i n ing -F ixed  
hean square F -  Sum o f  squares D.U.F. 
1J3.7 9 16.0 17.8 
(3 .1 )  (3.4) 
(0.6) (0.6) 
(120.6) (134.0) 
Table B - 1 1 1  - h n a l y s i s  o f  Variance - E f f e c t s  o f  Passenyer C h a r a c t e r i s t i c s  
C h a r a c t e r i s t i c s  E f f e c t s  
Source o f  v a r i a t i o n  
I_---_- 
Tape/Repe ti ti on/Sea t 
I n t e r a c t i o n  ( ABD ) 
General A t t i  tude 
Toward F l y i n g  
Prev ious  F l i g h t  
Exper ience 
Maneuver Experiments 
Exper ience 
Age 
Sex 
- Sun1 o f  squares D.O.F. Hean square F 
428.5 27 15.9 17.! 
(79.9) 
(37.3) 
(27.0) 
(13.9 
(5.2) 
(79.9) 
(37.7) 
(27.0) 
(13 .9)  
(5 .2 )  
(88.8) 
(41.4) 
(30.0) 
( 1 5 . 4 )  
(5 .8 )  
APPENDIX C 
MULT I PLE L IlJ EAR REGRESSION ANALY SI S TEChN I QUE 
Present Regression Ana lys is  Technique 
The stepwise l i n e a r  regressior,  a n a l y s i s  computer program used i n  the  
present  a n z l y s i s  i s  so named because i t  develops l i n e a r  recjression equat ions  
i n  severa l  s teos .  The f i r s t  s t e p  determines t h e  c o e f f i c i e n t s  o f  an equa t ion  
express ing  the  r i d e  comfor t  r a t i n g  as a l i n e a r  f u n c t i o n  o f  one o f  t h e  13 
measured a i r c r a f t  mot ion  v z r i a b l e s  (Tabl; V ) .  
( th rough l o g i c  r o u t i n e s  w i t h i n  th2 program) i s  that  v a r i a b l e  which minimizes 
the  root-mean-square (rms) e r r o r  between t h e  ac tua l  r i d e  comfor t  r a t i n g s  and 
corresponding r a t i n g s  p r e d i c t e d  by t h e  reg ress ion  equat ion .  An eqLi ivalent 
express ion  o f  t h i s  c r i t e r i o n  i s  t h a t  t he  v a r i a b l e  chosen i s  t,hat v a r i a b l e  
The v a r i a b l e  which i s  chosen 
which maximizes the  reg ress ion  c o e f f i c i e n t  o f  n u l  t i p l e  de te rm ina t ion  ( R L ) ,  
which i s  the  p r o p o r t i o n  o f  t he  t o t a l  var iance i n  i n d i v i d u a l  r i d e  comfor t  
r a t i n g s  accounted f o r  by the  reg ress ion  equat ion .  
w ise  reg ress ion  a n a l y s i s  program i s  expansion and t i i o d i f i c a t i o n  o f  t he  r t g r e s s i Q n  
equat ion  t o  express the  r i d e  comfor t  r a t i n g  as a l i n e a r  f u n c t i o n  o f  two of 
the  measured mot ion v a r i a b l e s .  
equat ion  i s  t h a t  v a r i a b l e  wbich makes the  g r e a t e s t  inc rease i n  the  reg ress ion  
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The n e x t  s tep  i n  the  s tep-  
Again, the v a r i a b l e  added t o  the  reg ress ion  
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c o e f f i c i e n t  o f  m u l t i p l e  l e t e r m i n a t i o n  ( R Z ) .  T h i s  stepwise process rep<ats,  
with t h e  reg ress ion  equa t ion  growing t o  i n c l u d e  O I E  more mot ion  v a r i a b l e  a t  
each step, u n t i l  e i t h e r  the  reg ress ion  equa t ion  i nc ludes  a l l  1 3  measure6 mot ion  
va r iab les ,  o r  no f u r t h e r  fmprovement i t :  R2 i s  p o s s i b l e .  
the  data presented i n  Table V I .  
p o s s i b l e  reg ress ion  steps. The remain ing  12 columns a re  i n  6 p a i r s .  Each 
p a i r  descr ibes  t h e  o r d e r  i n  which t h e  13 mot ion  v a r i a b l e s  were i nco rpo ra ted  
As an exdmple. cons ide r  
The f i r s t  column s imp ly  i n d i c a t e s  t h e  13 
i n t o  t h e  reg ress ion  equat ion  when these 13 v a r i a b l e s  were measured .-- i n  one or 
6 ways (mean value, mean d e v i a t i o n ,  s tandard  dev ia t i on ,  root-mean-sqk:rc, 
maxirllcrm d e v i a t i o n  and a combinat ion of root-mean sqJare and s tandard  d e v i a t i o n s ) .  
For example, the f i r s t  column p a i r  i n d i c a t e s  t h a t  when the  13 -tie.. v a r i a b l e s  
were measured i n  terms o f  t h e i r  mean values (p), t hc  f i r s t  v a r i a b l e  chosen 
( S t t p  1 )  by the  stepwise reg ress ion  program war t he  mean va lue  o f  p i t c h  r a t e  
(uq ) .  
i n d i v i d u a l  r i d e  comfort r a t i n g s  i s  accounted f o r  by i n  app rop r ia te  equa t ion  
d e s c r i b i n g  r i d e  comfor t  r a t i n g s  as a l i n e a r  f b v c t i o n  o f  p i t c h  r a t e  otr ly.  
When the mean va lue  o f  l o n g i t u d i n 3 1  a c c e l e r a t i o n  ( u  ) was i nc luded  as a 
2 second te rm i n  the  reg ress ion  ? q u a t i  n (S tep  2 ) .  R grew t o  0.174. 
jump i n  R2 i s  due t o  a s y n e r g i s t i c  e f f e c t  whereby two v a r i a b l e s  car! t oge the r  
account f o r  a p r o p o r t i o n  ( R  
sum o f  t he  r\ f o r  e x h  v a r i a b l e  considered i n d i v i d u a l l y .  
2 The r e s u l t i n g  R i s  0.046; t h a t  i s ,  4.6 percen+ o f  the  var iance i n  
nx 
Thic, l a r g e  
2 o f  t he  r a t i n g  var iance which i s  l a r g e r  than t h e  
2 The stegwise process 
o f  adding v a r i d b l e s  t o  t h e  reg ress ion  c o n t i r u e s  u n t i l  beyond Step 10 no 
f u r t h e r  improvement i n  R2 i s  p o s s i b l e  us ing  any o f  t he  t h r e e  var ’ables thus 
f a r  l e f t  o u t  o f  t h e  -egression. 
A t  each reg ress ion  s tep ,  the  program determines n o t  o n l y  the  c o e f f i c i e n t s  
o f  t he  approp r ia te  reg ress ion  equat i rm, b u t  a l s o  var ious  s t a t i s t i c a l  parameters 
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which a l l o w  e v a l d a t i o n  of: t he  degree t o  which the  regress ion equat ion as a 
whole f i t s  the experimental data, the r e l a t i v e  importance o f  i n d i v i d u a l  terms 
i n  the  regress ion equation, and the  accuracy t o  which i n d i v i d u a l  c o e f f i c i e n t s  
i n  t h o  regress ion eq*rat ion are known. 
i n  t a b l e  V I I .  
i n  t he  f o u r t h  regressior. step i n  the l a s t  columr! p a i r  o f  t a b l e  V I ,  discussed 
prev ious ly .  
squares- f i t  of a f i n i t e  sample o f  experimental data. 
ments were t o  be repeated and the  same ana lys i s  technique employed, the re  i s  
p r a c t i c a l l y  no chance t h a t  e x a c t l y  the same regress ion c o e f f i c i e n t  values 
would be obtained. 
program determines f o r  each va r iab le  c o e f f i c i e n t  a numerical confidence i n t e r v a l  
w i t h i n  which t h a t  c o e f f i c i e n t  would f a l l  w i t h  a given p r o b a b i l i t y  i f  the  
experiment were repeated 
t h a t  r e p e t i t i o n  o f  the maneuver experiments and data reduc t i on  would r e s u l t  
i n  a c o e f f i c i e n t  o f  (T 
b i l i t y  t h a t  t he  c c e f f i c i e n t  o f  o would f a l l  between 3.4 and 15.2. A 
corresponding confidence i r ' t e r v a l  f o r  a h ighe r  p r o b a b i l i t y  would be wider and 
fo r  a lower prc ,db i l i ty  would be more narrow. 
the user o f  ;uch a regression equat ion how accurate ly  the i n d i v i d u a l  regress ion 
c o e f f i c i e n t s  a re  known. 
motion va r iab le  i s  s imply the product of t h a t  v a r i a b l e ' s  r e g r s s i o n  c o e f f i c i e n t  
and the mean value o f  the v a r i a b l e  over a: 
the model i s  based. 
terms i n  the regression equat ion i s  equal t o  the meair r i d e  comfort  r a t i n g  f o r  
the data on which the model i s  based. "Cor re la t i on  w i t h  i n d i v i d u a l  r a t i n g s "  
For example. consider the data presented 
The "model" shown i s  s imply  the  regress ion equat ion which developed 
The v a r i a b l e  coe f f i c i en ts  i n  t h i s  equat ion amount t o  a l e a s t -  
If the  maneuvers exper i -  
Based on the analyzed data, the regress ion ana lys i s  
For example ( t a b l e  V I I ) ,  a l though i t  i s  n o t  c e r t a i n  
equal p r e c i s e l y  t o  12.3, there i s  a 30 percent proba- 
nX 
nX 
These confidence i n t e r v a l s  t e l l  
Tile "Mean Rat ing Con t r i bu t i on "  ( t a b l e  1/11) f o r  each 
'le experimental data on which 
The sum o f  tho mean r a t i n g  c o n t r i b u t i o n s  by ' nd i v idua l  
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i s  the simple correlation coefficient between individual ride comfort ratings 
and corresponding ratings predicted by the regression equation. "Correlation 
with mean ratings" i s  the simple correlation coefficient between the mean of 
the 10 individual ra t ings  g iven  individual maneuvers and the corresponding 
ratings predicted by the regression equation. Becausd the regression predicts 
Only one ra t ing  value for any given maneuver and cannot account for differences 
of opinion among the 10 subjects who evaluated the maneuver, the correlation 
w i t h  mean ratings i s  always greater t h a n  or equal to the correlation w i t h  
i n d i v i d u a l  ratings. 
individual rat ings"  i s  always greater than or equal t o  the "rms error with 
respect to mean ratings." Here error i s  again defined t o  be the arithmetic 
di f'erence between an experimental ride comfort rating and the corresponding 
rating predicted uy the rzcjression equation. 
s ta t is t ical  quantity which indicates the Drobability (however small) that the 
entire regression equation resulted by chdnce. 
indicative o f  the confidence to  be placed i n  the regression as a whole. 
For the same reason the ' I n s  error w i t h  respect to 
The "Regression F" value is  a 
The Regression F t h u s  i s  
The total ride comfort rating variance can be divided i n t o  portions 
(expressed as percentages) due t o  several factors as shown a t  the bottom o f  
table V;I. The f i r s t  portion is tb t  portion ( 3 6 . 3  percent) which i s  due t o  
differences among the various f l i g h t  maneuvers tested and  which i s  thus 
explained by the regressioii model. 
discussed ear l ier .  
i s  nostly (54.1 percent) ;.ccountt.d for by the differences of opinion amor?g 
the 10 subjects evaluati g any particular maneuver. 
thus indicate the re1 ative influences of differences among tes t  maneuvers and 
of differences among tes t  subjects on variance o f  the ride comfort ratings 
2 This percentage i s  identical to  I? 
The ren,aining error variance (63 .7  percent i n  this example) 
The f i r s t  two portions 
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obtained. The l a s t  p o r t i c n  i s  t h a t  r a t i n g  variance which could not  be 
explained and i s  thus considered t o  be er ro r .  
Regression Analysis Formulas 
An experimental data var iab le can be re la ted  t o  one o r  more other 
var iables o f  the experiment through the l i n e a r  equation: 
n = y a; xj = AX 
where R i s  the data var iab le o f  i n t e r e s t  ( i n  t h i s  case the predicteu r i d e  
comfort ra t i ng ) ;  X is the vector {x,, x2 ,...., xnIT of independent motion 
var iables (here the vector of a i r c r a f t  motion var iables);  A i s  a vector 
[a,, a2, a3,. . .. , anJT o f  coef f ic ients  determined through mu1 t i p l e  l i n e a r  
regression analysis o f  the experimental data. 
Basic Procedure.- The experimental data are obtained i n  data sets having 
paired w i t h  one set  o f  independent one value o f  the dependent var iab le (R i )  
motion-variable values ( X .  .) such tha t :  
1J 
+ 
J =  I 
where ei i s  a random residual  equal t o  the ar i thmet ic  di f ference between 
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the experimentally observed R i  and the calculated sum: 
n 
G, + y aj XiJ 
The regression coefficients A = [a.] are determined by using least-squares- 
analysis to minimize the error sum-of-squares: 
J 
7 e; 
;'I 
i c - 4 )  
The procedure for doing this is as follows: 
A leading column of ones (unity values) is appended to the m x n matrix 
of experimental motion-variable values X = [ x .  .] to create the matrix X ' :  
7J 
:an 
...... 
:a? . .  . .  . . . . .  . .  . 
(c-5) 
Least-squares-analysis results in the following expression for the regression 
coefficient vector A: 
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The vector A has dimension (n + 1) and includes the constant c o e f f i -  
c i e n t  ao. 
The stepwise l i n t  .r regression analys is  computer program employed i n  the 
current  analys is  (Subroutine 62.3, SWRA, i n  the Langley Research Center 
computer l i b r a r y )  employs the above technique w i t h  one s i g n i f i c i e n t  refinement. 
Instead o f  immediately determining coef f ic ients  [a -1 for  an n- te rn  regression J 
equation, the program f i r s t  determines the two coe f f i c i en ts  most appropr iate 
( i n  the least-square-error sense) f o r  a two-term re la t ionsh ip :  
where xk i s  t n a t  s ing le  motion var iab le which, i n  the regression equation, 
minimizes the mean-square res idual .  I n  other  words, xk i s  t h a t  s ing le  motion 
var iab le whose observed values can best account ( i n  a two-term-1 inear  expres- 
sion) fo r  the observed variance o f  the dependent var iab le R. 
variance removed from the t o t a l  variance o f  6 ,  the program then expands and 
adjusts the regression equation (matr ix  A of regression coef f ic ients)  t o  
include an add i t iona l  term. The next term added, once again, i s  chosen from 
among the remaining var iab les t o  be tha t  var iab le  whose observed values best 
With t h i s  p a r t i a l  
account f o r  the remaining variance o f  the dependent var iab le i .  This process 
i s  repeated u n t i l  e i t h e r  a l l  ava l lab le  independent var iables have been included 
i n  the regression equation o r  u n t i l  no fu r the r  s l g n i f i c a n t  reduct ion i n  
mean-square res idual  i s  possible. 
Confidence in te rva ls . -  A lOO(1 - a)% confidence in te rva l  f o r  the 
regression coeff . i en t  a i s  defined as: J 
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where a 
tu/2, m - k - 1  
s ign i f i cance leve l  and w i t h  m - k - 1 degrees-of-freedom (rn i s  the number o f  
data po ints  on which the analysis i s  based and k i s  the number o f  var iab les 
i n  the regression equation); sa 
c o e f f i c i e n t  a which i s  defined as follows: 
i s  the c o e f f i c i e n t  value as determined by l i n e a r  regression; 
j 
i s  the value o f  the s t a t i s t i c a l  parameter t a t  the a/2 
i s  the standard e r r o r  of the regression 
j 
j 
SPj - SSmc,T 
t h  I n  equation (C-9) c i s  the j- diagonal element 
as : 
jj 
o f  
and S i s  the regression standard error-cf-est imate:  
m - n - I  
A lOO(1 - a)% confidence i n t e r v z l  f o r  the mean r a t i n g  
the matr ix  B, defit led 
(C-10) 
(C-11) 
where Ro i s  the r a t i n g  predicted by the regression equation f o r  the matr ix 
of f l i g h t  variables, and a l l  other quant i t ies  are as previously defineo. 
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Correlation.- The correlation coefficients r are determined by the 
s imp1 e correl at ion re1 at ions hi p : 
(C-13) 
i s  the corre- th where Ri i s  the i- observed experimental rating and RCi 
spondinq rating as predicted by the regression equation. 
R1-91 . -  --edn-square (rms) error. - The root-mean-square ( rms)  error ems 
is defined by the relationship: 
(C-14) 
Regression F-value.- The regression F-value 
of the rating variance accounted for by the regression 
2 variance S . 
is defined as the ratio 
(V,) to the error 
F = V,/S2 
(c -  15) 
where 
~4 =- AYR (C-16) 
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P a r t i t i o n i n g  o f  r a t i n g  variance.- The t o t a l  r a t i n g  variance V can be 
pa r t i t i oned  as fo l lows: 
where V 2  j s  the r a t i n g  variance accounted fo r  by the regression equation 
and i s  as prev ious ly  defined; 
d i f ferences i n  subject  ra t ings  given any p a r t i c u l a r  maneuver: 
Vsubj i s  the r a t i n g  variance accounted for by 
(C- 18) 
I n  equation (C-18) Rij 
the ith t e s t  maneuver; Ri i s  t he  mean r a t i n g  obtained dur ing the ith t e s t  
maneuver; and mi i s  the number of t e s t  maneuvers on which the regression 
equation i s  based. The VerrOr term i s  the e r r o r  variance (due t o  l a c k - o f - f i t  
o f  the regression model). 
i s  any one o f  10 i nd iv idua l  ra t i ngs  obtained dur ing 
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Table I 1  - Passenger Subject Character is t ics  
(a) Responses t o  background questionnaire 
FLYING m&~'  USUAL USUAL ANY 
per year)  (Personal, - - Business) ( les ,  yo) 
SUBJECT AGE SEX OCCUPATION ( f l i g h t s  PURPOSE -- FUNDING ANXIETY? 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
21 M 
38 M 
30 M 
20 F 
36 M 
53 M 
23 9 
20 M 
36 F 
25 H 
20 M 
22 F 
28 M 
44 b! 
56 M 
42 F 
19 M 
24 A 
55 F 
54 M 
35 F 
33 F 
32 M 
27 M 
35 F 
35 F 
43 F 
20 F 
54 M 
32 M 
student 
engineer 
bus d r i ve r  
student 
corn. p i l o t  
engineer 
sales mgr. 
student 
secretary 
m i  1 i t a r y  
s t d e n t  
secretary 
engineer 
professor 
mechanic 
p r o f  es s o r  
student 
student 
secretary 
mechanic 
1 i b r a r i  an 
homemaker 
engineer 
data mgt. 
d: t a  mgt. 
data mgt. 
homemaker 
student 
contractor 
engineer 
2 
1 oo+ 
1 
? 2  
1 GI+ 
12 
3 
4 
2 
12 
0 
1 
1 oo+ 
3 
40 
3 
2 
4 
0 
? 
2 
1 
30 
3 
6 
0 
1 
1 
12 
u 
P 
B 
P 
P66 
B 
P 
P 
P 
P 
5 
P 
B 
B 
P LB 
P 
P 
B 
P 
B 
P 
P 
B 
P 
P 
Q 
P 
B 
P 
B 
D 
P 
P 
P 
P 
B 
B 
P 
P 
P 
P 
a 
P 
B 
B 
P 
P 
P 
B 
P 
B 
P 
P 
B 
P 
P 
B 
P 
B 
P 
B 
N 
ry 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 
Y 
Y 
h( 
Y 
Y 
14 
N 
N 
N 
N 
N 
ri 
rj 
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Table I 1  - Continued 
( b )  Comparison w i t h  a i r  t r ave le r s  in  general 
General Air Mdnedvers 
9 a r a c t e r i  s t i  cs Travelers, percent SubjeLts, percent 
Age : ( r e f s .  [ I ]  and ell]) 
20 y r .  and under . . . . .  16 1 7  
21 t o  40 yr .  . . . . . . .  45 5 h  
41 t o  60 yr .  32 2 
61 yr. and over. 5 0 
. . . . . . .  
. . . . .  
Sex : 
Male . . . . . .  ' . .  
Female . . . . .  . .  
Frequenc of f ly ing:  
o (!I i gbts/year)  
1-5 
5+ 
Purpose of t r ip :  
Business 
Persona I 
Attitude towarr! f ly ing:  
Enjoy f ly ing  
Have no strong fee l ings  
Dislike f ly ing  
75 
25 
2.3 
3' 3 
6S.7 
75 
25 
63 
35 
4 
6 3  
37 
10.0 
53 .3  
36.7 
40 
60 
54 
!6 
0 
73 
Table 111. - Ride w . : u r L  Rat.ing Scale 
1 .......... .Very Comfortable 
2. .......... Comfor tab1 e 
3. .......... Ss.:?wha t Comf ortabl  e 
4. .  ........ .Ntutral  
5 . .  ........ .Somewhat Uncomfortable 
6.. ........ .Uncomfortable 
7 . .  ........ .Very Uncmfortable 
74 
75 
Table 7. - TIFS Hotion Variables Chosen For Analysis 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Normal Accel erat i  on 
Transverse Accel rration 
Longitudinal Acceleration 
Roll Rate 
Pitch Rate 
Yaw Rate 
Roll Angle 
Pitch Angle 
Heading 
Flight Path Angle 
A1 ti tude 
Climb Rate 
Indicated A i  rspeed 
76 
I 
I 
ORIGINAL PAGE Is 
OF POOR QUALITV 
77 
G 
4p 
0 
(u 
(u 
0 
+ 
N 
E 
D ro 
c 
F 
+ 
2, 
+= 
N 
m 
+ 
X c 
0 m 
N 
c 
+ 
P. 
h 
d 
c 
II 
l a  
.. 
0 
c3 
P 
+ 
h 
N 
w 
vtL n 
V I  m 
L n  
(D 
0 - 
0 
w 
Q, 
0 
n 
V I  
h 
. .  
c 
e 
N + 
+ 
2 lu 
.. 
ul m c 
c, 
(D 
L 
.P cc 
0 h 
h 
d 
c 
II 
.. 
en cn 
E 
.. 
0 
c, 
.. 
v) 
Q, c 
c, 
(0 L 
.r 
c 
hl 
0 ro 
0 
c z 
0 
c, 
.. 
VI cn 
t 
c, 
(0 
L 
.r 
0 
c, 
.. L 
Q > -l- 
.r 
> 
0 
E 
.c 
c, 
*C 
3 
L 
L a 
e 
.. 
L L  .r 
3 c 
0 
c, 
a3 
.c 
c 
e) 
L 
0 
L a  
t 
0 
c, 
Q 
.r 
i 
L 
0 
V 
E 
0 
ul 
u) al 
L 
rn 
.r 
8 
Q, 
0, 
(D 
c, 
t 
L 
9, 
s 
n 
L 
L a 
2 
7a 
E 
L 
I- 
a In 
t- m 
0 x t f cn cn m ? 
In cn 
? 
In cn 
? 
0 4 e-4 cn m ? 
x 
E 
4 
N 
E c a 4- L: 4- & <D 4- 4 d 4- 
E 
0 
+r 
(0 
E 
.r 
E 
z Q 
Q 
c 
.t 
c 
a 
c, 
B 
cc 
0 
4 
t- m 
0 
JD m 
00 
00 
m 
N W  0 m c n  0 m m a  
(u m 
0 0 
t t 
t 
0 
-f 
t 
0 
f. 
N 
E 
r3 aQ 
m 
P- 
1 
m 
eb 
m 
m m 
o\ ln m 0 
m cn m 
t cn m 
I 
N 
E 
0 
4 > a 2 0 0 c 0 n b d b k 0 I 
0 
f 
W c- m 
m t  
4 %  
In 
(D m 
de 8 -
a -3 
5: m u  
? O 4  ? 
d rn 
4 r( m m 
(u 
4 
? I 
h 
E a @ a  EN a >" a k a * a  d a 3 I 
m In cn 0 
d 
rl 
d 2 m d 
79 
a 
4- 
m 
IC) 
'0 
3 
In 
d 
Q\ 
0 
d m 2 4 
P I  
C 
3 u) E 
L s + 
al + w E" + 
J 
+ 
m 
QI 
p3 
It  
.. 
In 
rn c .. 
In .c 
Y 
CrJ 
L 
II v 
W lU H 
E 
0 
a, 
E - 
Y 
a 
L 
c 
i! 
.. 
u) 
0 
E 
m 
0 
CI 
v 
n a8 
v) 
al 
L 
UJ a. 
ul 
al 
5. I 
x 
Y 
L 
e, 
3 
E 
0 
.r .. 
L L  
0 
C 
E 
0 
w 
8 
.C 
c 
E! 
L 
0 
V 
.. 
80 
c 
cv 
ffi 
k 
aJ * 
In cv 
2 
d a 8 7. 
W 
N 
cr\ 
$, 
C a 
rl 
m 
m 
81 
L n  
h z 
c 
ai 
3 
>, L 
I a 
Y, 
Q\ 
Q, 
c 
c 
h m 
= 
c 
0 
aD 
0 
;h a 
W m 
In 
0 
vi 
h 
0) 
mJ 
P 
I 8 8 
v) 
3 c 
I 
ul 
E 
+ + 
P, c 
L 
1 
*r 
a 
P 
Q, 
U s h 
h 
0, 
P 
O 
m 
- 
W 
P 
h 
h 
N 
e, 
L 
P 
!5 u 
0 
e n 
L aJ cn 
E aJ 
v) 
v) 
Q 
0 
+ 
.. 
VI 
fn 
E 
w 
Q 
L 
.C 
c 
I I 
n 
*rc 
.. 
ul 
P, c 
c, 
*C 
P 
c 
0 
1 
U 
ii 
.C > 
c 
i 
.. 
ul 
PI 
t 
c, 
Q 
L 
c 
t8 
v 
c3 
c 
(0 
1 
0 
0 
c, 
0 
c, 
.p > c, u aJ 
p. 
t 
u 
e, 
VI 
01 
L 
n 9 
L 
c, 
I 
L 
0 
L 
L aJ 
.C 
.. 
I& 
E 
0 
*., 
(0 
W L 
L 
0 u 
.c 
c 
r 
0 0 
a 
5 
L 
0 u 
? 
VI ui 
W L 
t E  
.. 
c 
ai 
H E 
82 
x 
I 
6 
I 
ul 
E 
L a 
7 
v) 
U 
E a 
9. 
4- 
h ar 
to 
0 
ul 
E 
L 
3 
I- 
aD m 
0 
r 
* 
u) 
N 
a, 
n 
E 
v) 
c 
.r 
cn c 
L 
a 
.r 
n 
+ 
c, 
L 
P 
5 
V 
* 
f 
In 
to w 
0 
m 
m 
el 
cu L aJ 
Q, 
E 
ul a a 
2 + 
cc 
0 - m E 
II 
aJ 
U 
P 
.. 
0 
+a 
% 
U 
c 
0 
v) 
v) 
cn e 
B 
I 
U 
U 
K 
9, 
(b 
I- 
F n 
O 
t- m .. 
UI 
m al V 
E 
(b 
L 
(0 > 
.C 
-. 
0)  c 
.C 
c 
Q 
3 
0 
w 
*r 
.. c, 
m 
L 
c 
0 
.L 
..- 
0 c m E 
c, 
(0 
L 
cc 
0 
.c 
L. 
+J 
3 
c 
0 
.r 
.r 
.. 
LL 
0)  
C 
c, 
.c 
2 
5 
L 
F 
c, 
(b 
c 
L 
0 u 
9, m 
(b u 
E 
L 
9, 
0 
s 
C 
0 
.C 
L L  o c  L L  u (0 
5 
L 
0 u 
w 
f 
ti! 
.. 
r 
W 
3 
L L  
a , w  
03 
I 
c a 
ce 
0 
L. 
m 
5 
ce 
0 I I I 
I I I 
I 
I 
a4 
m 
00 
N In m 
I 
J) m 
r-- 
P 
v) 
c, 
E 
aJ 
V 
v) 
aJ 
>, 
U 
4 
aJ 
c, 
v) 
0)  
E 
L 
I 
c, 
L 
0 rc 
E 
0 
0 
L 
aJ 
0, 
E aJ 
VI 
v) a 
0 
ce 
0 
aJ 
U 
n 
.r- 
n 
F 
P 
TT 
0 
v) 
v) 
aJ 
L 
m 
aJ a: 
I 
5 
x 
aJ 
a 
I- 
.P 
H 
P 
n 
d 
m 
0 
I 
VI 
0 
VI 
v) 
+ 
b, 
I 
?S? 
c3 ‘0 m e* 
tn 
c m 
h 
5: 
.. 
m h 
0 
L? 
a c 
4 
6 c 
c, 
4 
L 
Q 
I 
0 
> 
*C 
c 
*P 
rc. 
I 
w 
cc 
0 .. 
VI cn 
K 
.. 
0 
c, 
.. 
v) 
0 c 
n -r 
F c ,  
a m  W L  C J  .. 
v) 
m 
E 
c, 
*C 
21 
*P 
U c a, V 
E 
4 
L 
it 
> 
.P 
.. 
m 
E 
c) 
-r 
*C 
3 
c, 
c, 
U 
d c 
i t z 
- aJ 
(r) 
n 
e 
v- 
c, 
4 
L 
-e 
c, 
L 
.r 
0 
I- 
Y- 
O 
% 
Iu 
c, 
t 
aJ 
V 
L 
aJ n. 
.. 
L L  
C 
0 
t 
0 c 
0 L 
0 
aJ 
t 
*r 
CI 
Q 
IJ 
L 
0 u 
aJc B ss 
85 
C' G 
4 r( 
m I m I 
-f 
0 
m 
ln 
0 m 
a3 
0 m 
co 
0 
m 
h 
C c ;* c 
X 
0 + d t n 4- k 4- 4- .C t * I  I c aJ 
i 
I 
u3 m 
m 
(u 
-7 m 
W 
f m 
-4 
f 
m 
t- 
f 
m 
N c 
!2 l % $  
2 - 0  
>- 
kP 
a w 
tn 
rl 
CJ 2 t "  
n 
4 
m 
m 
3 
m 
m 
I- 
m 
m - 
3 
IE 
Y- 
0 
I I I I I I I 
. .  
5 L  
C r a J  d 
r n > b  
x 
C 
0 
;" 
b 
s 
b I I I I I I I 
In 
4 m 
In 
1 m 
In 
f 
m 
.p 
f m 
o\ 0 
3 tn 
m I 1 I 
x 
C 
a 
;* 
a -
c -
a c, a 
m 
(u 
"! 
m 
"! 
m 
t- 
f 
Y 
4 
In 
c'! 
t 
tn 
? 
t- 
ln 
'u 
f 
\D 
cu 
A 
9 
ru 
._ 
b 
CJ 
I I 
i' a 
x 
0 
1 
N 
C z 
Y- 
O d a .C 1 8 a 
OD 
2 I 
L 
W 
'0 
L 
0 
I 
W x 
aJ 
m t- 
ORIGINAL PAGE IS 
OF POOR QUALIT'? 
86 
F. 
0) 
'b 
L 
aJ 
> 
0 r 
V 
c, 
I 
*I- 
n 
VI 
c 
0 
c 
aJ 
3 
E 
.I- 
+-, 
ct( 
L 
aJ 
I-- 
0 m .- m h cn N cr, m ", d m . .  
aJ 
W 
aJ 
0 
(r c 
N 
E 
'0 
N 
N 
7 
co 
ln 
(u 
cu 
h 
d 
N "L 
c 
aJ 
w 
m 
.r 
L 
9) In 
C aJ 
v) 
vl 
CO 
a 
+ 
0 
+ + 
>r 
E 
CO 
-l 
C' 
h 
9- 
0 
rl 
0 m 
c, 
.. 
c aJ 
-o 
B 
In 
m c 
h 
0 
0 C 
0 
m 
cn 
aJ 
L rn aJ cr: 
I 
*r 
U 
3, 
X 
aJ 
m 
t- 
7 n 
d 
.. 0 0  
+ c ,  C 
0 
C E  
0 0  
L 
al P 
3 
x 
'i 
8P 
tu 
In 
d 
I I I I I I I 1 
I I I I I 
t 
9 
A -  $. a c ca a 4- I I 
c 
c 
L 
c 
w- 
&n In 
st 3 
-! 9 
In 
J 
--! I I I I I I 
N 
E 
w, I I I I I I 
-a k w w ,  
CD 
# 
9 
0 In 
9 
d G: 
t : 
03 
2 
0 
*) 
i I I I I I I I 
h 
E -
a -
%-I 
F Q) 
a -
-P  
a 
I -P c 
Q 
I I I I I I I 
m m 
-! 
In 
f 
9 
k a d a p a  a 
5 L 
0 
I 
U 
U r x 
al 
s 
c" 
- 83 
aJ 
-0 
0 
E 
[u 
h 
A L 0 m 
iD 
I I 
m 
=? m 
3 
4 1.- 
> n 
V I  
7 
h 
h 
0 
I 
m 
3 
3 
P 
a, 
0 
0 
E cx) 
h 
(v 
c 
00 
h 
(\I 
[u 
.- 
I I 
(u u 
aJ 
0 
m != 
E 
aJ > 
+ + 
h c 
m 
ce 
0 c 
h co 
U 
I1 
I F C -  
.. 
Y, 
m 
E 
c, 
m 
L 
*r 
.. 
0 
c, 
aJ 
=I 
U 
.. 
ul 
Dl 
E 
c, a 
L 
.C 
L 
aJ 
En 
t 
aJ m 
m 
m 
a 
. -  
> 
K 
m 
W 
E 
.. 
VI 
ET, 
E 
aJ 
0 
c 
m 
L 
a > 
v- 
I- 
m 
3 
U 
.. - 
3 
c, 
c 
u 
W 
a. 
In 
aJ 
L 
*r 
c, 
m 
L 
E 
m 
W 
E 
c 
c, 
-r 
3 
c 
0 
c, 
to 
W 
L 
L 
0 
V 
.I- 
c 
.. 
I= 
0 
*r 
cc 
0 .. c, 
c 
a, 
-0 
0 z 
VI - -0 K 
’r 
m 
K 
.I- 
c, 
m 
L 
ce 
0 
t 
0 
.r 
.. 
L L  
c 
0 
m 
VI 
W 
L 
In 
0, 
K 
-r 
.C 
3 VI m 
W 
L 
m 
W 
lz 
I 
CI 
U 
Y 
w x 
c 
0 W 
OI 
m 
c, c: 
W 
W 
L 
aJ a 
L 
L 
W 
e .. 
c 
W 
0 
0 
I: 
a J K  
0 0  
W V  




X 
2 
n n a 
c 
0 
*r 
c, 
VI 
0 c 
L 
.C 
al 
r- 
c 
a c. 
0 
L 
n 
c 
rg 
a 
L 
0 o u  
c 

- 
W -0 # 
- 
m 
W m it 
w- 
d 
c3 
oc - 
e 
a 
I- 
0 
w w 
0 r 
V 
c, 
(0 
L aJ 
L 
aJ > 
3 aJ 
t ca 
E 
Y, 
LL. 
I- 
Y- 
O 
Y 
aJ 
c n 
5 
X 
W 
I 
O f  Greatest  
Importance 
Unimportant 
O f  Greatest  
Importance 
Unimportant 
Of Greatest  
Importance 
Unimportant 
Factors  dete,mining w e r a l l  t r i p  s a t i s f a c t i o n  
(b) Factors determining passenqer comfor t  
n Maneuver exper 
A i r  t r a v e l e r s  
(Reference 7 
i g h t  passenger a c t i v i t i e s  
ments subjects  
n general 
ol 
c m cn 
.r E E 
Y .C .r 
Figure 7 - Comparison o f  a t t i t u d e s  o f  maneuver rxper iments passenger 
subjects  and o f  a i r  t r a v e l e r s  i n  ,,weral toward var ious 
aspects of a i r  t ranspor ta t i on .  
' 9  
h 
9 
W 
9 
v) 
- 
9 
W 
Y 
W 
a 
c, 
L 
0 
7 n 
'5 #
C 
3 
h 
9 
L n  
v 
a 
c 
.r 
v) 
L 
W > 
3 aJ c 
a 
E 
Q 
N 
L 
a 
4 
n 
n 
4 
u 
( O a J  
c , v  
( I I E  
C a J  
L 
m a J  
L L Q -  - a J  
+ t Y  
I 
I 
I 
8 8 ta s (v 
I I I I 
0 C 0 
0 
h 
0 
ID 
0 
v) 
0 
rt 
3 
n 
3 
N 
D 
I 
Time 
Roll 
Rate 
+ b-, Evaluation Interval 
7 
- 
(Time 
Figure 10 - Example simple turn maneuver. 
3 c a > L 
aJ 
c, c 
U 
c 
0 
u 
a 
3 
a > 
w 
.r 
c 
L aJ 
w 
3 
aJ 
E a 
E 
E 
L 
3 
c, 
I 
In 
.. 
n 
c e 
v 
m 
F 
UI 
n 
4- 
4 0  
C 
+ 
f 
a3 
h 
3 
8 
8. 
P 
a +  c 
E2 
E , '  
F 
Y 
e, I1 
I 
v)C 
I 
I 
I 
M 
0, 
tu 
e, 
L 
0 
?rr- 
L E  
a J 0  > u  
- 
n 
0 
In 
- - 
0 
Y 
C 
c 
0 
(v 
V I  
I 
0 
h 
.Y 
m 
V I  
0 
I 
7 
Q 
W 
A 
aJ 
U 
a 
CY 
c 
c 
0 e 
X z 
I 
Q 
L n  
aJ 
d m 
a 
L 
(u 
0 
L n  
0 
d 
0 
m 
0 
N 
t .- 
0 
ln 
t 
L 
3 
e, 
v, 
i. aJ 
0- 
X aJ 
Q, 
L 
3 
cn 
h 
I 
l o  
aJ 
Q 
c, 
L 
0 
? 
n 
aJ 
(0 
c, 
L 
0 
c 
n 
0 
L n  
c, 
E aJ 
E 
L 
a, 
x 
0 aJ 
.C 
n 
0 
F 
0 
Maximum 
Rol l  Rate, 
deg/sec 
25 
20 
15 
10 
5 
Percentage o f  passengers s a t i  s f ied  
99 95 90 
\ 
\ 
tu 
Maximum r o l l  angle, deg. 
Figure 15 - Passenger sat isfact ion during simple turns and S-turns. 
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Figure 20 - Passenger sa t is fac t ion  during steady descents. 
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